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 This dissertation is dedicated in loving honor of my mother, Joan Harris Flake, who was 
the perfect model of a life-long learner and a plant mentor. I owe my love of learning and the 
natural world to her. She taught me so much about this beautiful world in a simple, natural way 
much like David Sobel described in his book, Beyond Ecophobia. She taught me to have 
empathy and respect for all animals. She taught me to love and enjoy the beauty of plants in our 
everyday life.  
 My mother was my plant mentor. I have countless memories of the times she shared her 
love of plants with me. She would wake up me in the morning saying, “Come see, my iris is 
blooming.” I was at awe of the beautiful colors and fuzzy lines in the bearded iris flower. I 
worked with her through plant problems, like why the American holly seedling we dug up from a 
wooded area and watched grow for years never had berries.  
 It was during the time that I spent with my mother wandering wooded areas and plant 
nurseries that I began developing my foundation of science, connection with nature, and sense of 
stewardship. It saddens me that children are not spending time outside anymore and are losing 
their innate connection to nature. However, in the children’s gardens I visited there were mothers 
like my Mom. They taught their children about plants and to observe and appreciate the natural 
world.  
 These mothers shared the experiences they had as children with plants and plant mentors, 
mostly their mothers. Many mothers believed that these children’s gardens provided a safe place 
where they could let their children wander and explore the natural world as they did as a child. It 
is to these mothers and mine that this dissertation is dedicated. 
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ABSTRACT 
 
This exploratory study was conducted at four children’s gardens in major botanical gardens 
across the United States to determine if children became more aware and knowledgeable of 
plants while visiting these gardens. This was determined through the children’s garden 
stakeholders’ perspectives; the stakeholders of this study were the children and parents who 
visited the gardens. Their views were acquired through on-site observations and interviews. The 
purposive sample comprised 64 participants including 40 children (19 girls and 21 boys, ages 2-
12 years). There were 18 mothers, 3 fathers, 3 grandmothers, and 1 grandfather. The 40 children 
were observed and 30 children were interviewed. A total of 25 parents or guardians were 
interviewed. This study determined that the children’s learning was contextual; i.e., influenced 
by the garden and participatory garden features they visited. For example, the children who 
visited the facilitated (by a trained volunteer) features that taught plant concepts were able to 
repeat and explain the lesson. However, in gardens that provided opportunities for independent 
exploration with natural components such as water, children made some very advanced 
observations about plants. This study also found that children’s previous experiences with plants 
heightened their awareness of plants in the children’s garden. Especially on their walks through 
the regular botanical garden areas to the children’s garden, many children noticed and asked 
questions about plants.  
 
 
 
1CHAPTER 1. 
INTRODUCTION 
1.1 Purpose 
 The purpose of this study was to explore whether the different features in children’s 
gardens, such as water experiences, plants exhibits, and interpretive signage, impacted 
participating children’s awareness and knowledge of plants. The children’s perspective, acquired 
through on-site observations and semi-structured interviews, were analyzed to determine which 
children’s garden features were developing awareness and knowledge of plants in children. 
These observations and interviews were conducted with children, ages 2-12, who visited four 
major children’s gardens across the United States.  
 Previous research in landscape architecture (M. Miller, 2005; A. Miller, 2010; Tai, 
Hague, McLellan, Knight, 2006; Wake, 2007) has evaluated the popularity of different elements 
in children’s gardens (mostly from quantitative data acquired from mailed surveys) and has 
stressed the importance of involving children in meaningful ways in garden design and decision-
making processes. The children’s perspective on the design of garden features benefit all 
children, garden designers, and garden educators by ensuring that the most child-appropriate 
features are included in these gardens. Children’s involvement in garden design also promotes 
ownership and continued stewardship in children (Tai et al., 2006; Wake, 2007). 
 Some botanical gardens have employed consultative research with children (mostly in the 
form of mailed surveys) in their children’s garden design; however, it was a more common 
practice for botanical gardens to build adult interpretations of what children want and need in 
children’s gardens (Wake, 2007). Wake (2007) warned that what children want and what adults 
think children want can be very different. Previous research (Eberbach, 2009; M. Miller, 2005; 
A. Miller, 2010; Wake, 2007) has documented a need to investigate the children’s perspective on 
2the effectiveness of the garden features in facilitating children’s awareness and knowledge of 
plants and the environment.  
 M. Miller (2005) believed that children were the ultimate stakeholders of these gardens. 
He insisted, “Does it not behoove us to include them in every stage of planning, designing, 
developing, implementing, maintaining, evaluating, and sustaining children’s gardens and 
outdoor environments” (M. Miller, 2005, p. 134)? M. Miller’s research produced a list of 72 
recommended elements for children’s gardens. His research also identified the importance of 
participatory aspects and sensory experiences in children’s gardens. However, the children’s 
garden visitors (parents) and other children’s garden stakeholders (garden horticulturists, 
educators, and designers) disagreed on the type of participatory garden features needed in 
children’s gardens (M. Miller, 2005). His research ended with a recommendation for further 
research with children to acquire their perspective on children’s gardens. “There is a great need 
for additional research with children and youth concerning their perceptions of children’s 
gardens, their preferences, and their recommendations for academics and practitioners” (M. 
Miller, 2005). 
 Following his recommendation, this exploratory study contributed to existing research by 
investigating the children’s perspective on children’s gardens. This study also investigated how 
parents or guardians perceived their children’s experiences in children’s gardens. The analysis of 
this perspective was conducted from a formal science educator’s perception of children’s science 
learning in children’s gardens and its implications for both informal and formal K-5 science 
education.  
1.2 Rationale 
Plants enter our daily lives in innumerable ways (Botanical Society of America, 1995). 
Throughout history studies in botany have yielded great insight to the understanding of all life. 
3However despite their importance in our lives, plants and botany have a low public profile. 
Botany for the Next Millennium: A Report from the Botanical Society of America (BSA, 1995) 
urged both formal and informal educators to strengthen education and communication about 
plants and botanical sciences at all levels of society, especially with young children. This report 
also acknowledged the importance of communicating the excitement of plant biology and 
revising the traditional methods of teaching children about plants (BSA, 1995).  
Falk and Dierking (2010) indicated that free-choice, informal science experiences 
contribute far more to science understanding than traditionally has been acknowledged. “ . . .The 
most important sources of scientific knowledge are not in schools; and that the informal 
infrastructure of museums, aquariums, broadcast programming, and other sources of science 
exposure, with which the United States is richly endowed, is a far more potent source of public 
understanding of science than has been previously acknowledged” (Falk & Dierking, 2010, p. 
486). They describe this phenomenon as the “95% Solution,” stating that 95% of the science a 
person learns over a lifetime is attributed to informal science settings such as gardens and 
museums. The research cited here and in Chapter 2 indicated the importance of investigating 
children’s gardens as a source for improving scientific knowledge, specifically plant knowledge.  
 1.3 Statement of Problem 
 Knowledge of plants, botanical literacy, is the key to understanding, preventing, and 
solving environmental issues. Botanical literacy is necessary for the utilization of plants for 
pharmaceuticals, clothing, building materials, and food (Hawkins, Sharrock, & Havens, 2008; 
Wandersee & Schussler, 1999). However, despite the importance of a botanically literate 
citizenry, plants are largely unnoticed, of little interest, and often misunderstood by the majority 
of people in the United States (Wandersee & Schussler, 1999). Plants are also disproportionally 
represented in science education including biology texts. Wandersee and Schussler (1999) in 
4their search for underlying reasons plants are unnoticed by the majority of the U. S. public have 
developed the term, plant blindness.  
 Hawkins, Sharrock, and Havens (2008) insisted that plants are arguably the single most 
important group of organisms in shaping habitats and determining the physical environments that 
all other species require for survival, and therefore, significantly influence total biodiversity 
richness. They also recognized plants as regulators of the global climate, with their key role in 
the carbon cycle. Their report linked the survival of humanity to the survival of plants, insisting: 
“The fate of humanity in the light of climate change, and of all known species, is inseparable 
from the fate of plants. We must understand the story they are telling” (Gran Canaria Group, 
2006 as cited in Hawkins, Sharrock, and Havens, 2008, p. 9). 
1.4 Plant Blindness 
 Wandersee & Schussler (1999) documented the importance of meaningful learning 
experiences with plants at an early age to prevent plant blindness: a) early botanical instruction 
in formal and informal science learning settings that teach the novel or fascinating aspects of 
plants; b) meaningful experiences with nature, particularly plants, at an early age; and c) the 
influence of a plant mentor. They believed that “there is more to plant blindness than meets the 
eye,” insisting that the underlying cause of the current state of plant blindness may be related to 
human perception and visual cognition rather than the commonly cited hypothesis of 
zoocentrism (Wandersee & Schussler, 1999). They argued that during our daily routines our 
brain receives so much information from our environment that only a very minuscule bit of this 
information is actually processed. Only the information that is relevant to us is brought to our 
conscious attention (Norretranders, 1998, p. 126, as cited in Wandersee and Schussler, 1999). 
 This belief was supported by cognitive research on mindful learning (Langer, 1997). In 
her book, The Power of Mindful Learning, Langer (1997) discussed the important role of 
5relevancy to learning. She described mindful learning as a process where the learners take 
control of their learning by drawing novel distinctions about the material they are attempting to 
learn or venture to make the material meaningful or relevant to them. Relevancy involves 
thinking about how certain parts of the information remind you of past, present, or future 
experiences, or how the information could be significant to you (Langer, 1997). In her study, 
Langer (1997) found that when learners are actively drawing these novel distinctions they are 
fully engaged in their learning and become more sensitive to their environment. Therefore, based 
on research findings on mindful learning, human perception, and visual cognition; plant 
blindness can be prevented through meaningful experiences with plants in both formal and 
informal learning environments. 
  However, despite these research findings, Langer (1997) warned researchers that 
mindless practices are common in formal education, describing approaches used by educators 
(such as, presenting information with a single context, memorization, and learning the basics 
until they become second nature). She argued that these practices produce mindsets that are 
detrimental to learning and critical thinking. Since these mindless practices are the norm in most 
formal education settings, informal science learning environments such as botanical gardens can 
play a key role in preventing plant blindness (Langer, 1997).  
 Additionally, recent research indicated, “school is not where most Americans learn most 
of their science” (Falk & Dierking, 2010). Falk and Dierking in their controversial report, The 95 
Percent Solution, asserted that Americans, across a lifetime, spend less than 5% of their life in 
school and very little, if any, of the 5% is spent on science instruction. These authors argued that 
informal science learning settings contribute far more to science learning than originally thought 
(Falk & Dierking, 2010).  
6 Informal learning environments, by their nature, foster mindful learning strategies 
(Langer, 1997; Bell, Lewenstein, Shouse, Feder, 2009). For example, children control their 
learning in a children’s garden by choosing to participate with the features that interest them. 
Many of the participatory garden features were self-guided and open-ended, allowing children to 
experience the feature from multiple perspectives. Investigating how children naturally used 
mindful learning strategies in these gardens also had implications for science instruction in 
formal science education. 
 Research (Louv, 2008; Tai et al., 2006) indicated the importance of childhood experiences 
in nature for future science understanding and environmental awareness. Shaprio (2010) stated 
that through primary encounters with the natural world young children develop a broad range of 
experiences that they refer back to when learning complex science concepts in formal education 
settings in later years. The early childhood years are crucial in the development of both a sound 
knowledge base and positive attitudes toward wildlife and the environment (Cronin-Jones, 1992, 
as cited in Roach, 2007). Collectively, this research indicated that development of such a 
foundation of knowledge, built through primary experiences in the natural world, is critical to 
future science learning and environmental awareness. 
 Despite the findings noted above, research (Louv, 2008) has indicated that children are not 
having experiences in nature. Louv (2008) insisted that growing alongside the urbanization of 
America is a trend of children spending less time outdoors. As a result of this current trend, 
children are not having the primary experiences with nature that foster an understanding of the 
natural world, a condition Louv (2008) has termed, Nature Deficit Disorder (NDD). Lacking 
experiences with nature, children have become desensitized to nature resulting in plant 
blindness, biophobia, and leading to the current disregard for the environment (Kahn, 2002; 
Louv, 2008; Wandersee, 2001). The findings from these studies suggested a need for both formal 
7and informal educators to explore ways to assist children in reconnecting with nature so they are 
more sensitive to plants, and to a greater extent, the environment.  
Louv (2008) informed us that children are staying indoors at unprecedented rates as a 
result of their parents’ fears about their abduction and the lack of neighborhood green spaces. 
Children’s gardens, popular in botanical gardens across this nation, can provide a solution to this 
problem. These gardens, located in large cities, are easily accessible for busy urban families who 
may not be comfortable outside of their urban environment. Children’s gardens can be safe, 
natural, informal learning environments for urban children to reconnect with nature and develop 
a foundation of scientific knowledge and skills (Tai et al., 2006). As informal science-learning 
environments, these gardens can complement formal science education by offering many 
different kinds of opened-ended, self-directed learning experiences with natural phenomena and 
features of the natural world. These rich natural experiences may invigorate children’s senses, 
stimulating in them a sense of wonder and awe about nature. This sense of wonder leads to the 
questioning and experimenting with natural phenomena that is the foundation of scientific 
inquiry (Sharpiro, 2010). 
Research in landscape architecture (Tai et al., 2006; Wake, 2007) documented the 
diminishing opportunities for nature experiences for children. Also believing that children’s 
gardens are the solution to Nature Deficit Disorder (NDD), Wake (2007) insisted, “Children’s 
gardens…represent an important effort to connect nature-deprived urban children with plants and 
the natural environment” (Wake, 2007, p. 443). In light of the research reviewed here, this study 
explored whether children’s gardens actually provided valuable experiences that fostered a 
reconnection with nature for children, and helped them to develop the attitudes, knowledge, and 
skills necessary to understand the natural world, particularly plants. 
 
81.5 Significance of Study 
This study contributed to the current research by investigating whether the different 
participatory features in children’s gardens, popular in botanical gardens across this country, 
provided meaningful learning experiences with plants for children, 2-12 years. Previous research 
(Wandersee & Schussler, 1999; BSA, 1995) has indicated that meaningful plant experiences, 
such as gardening at early ages increased children’s awareness and knowledge of plants. This 
study offered a new perspective on children’s garden features, the interpretation of a science 
educator, the children, and their parents. Research has also indicated, that despite the fact that 
children are the most important stakeholders of these gardens; their participation in children’s 
garden design has often been neglected (Tai et al., 2006; Tyler, 2010; Wake, 2007). 
Children were carefully observed during their visits to the different participatory garden 
features. At the end of their visits they were asked to explain their behaviors during on-site 
interviews. These interviews also provided the children’s perspectives on the different garden 
features: which features they liked the most and why, if they thought that they learned about 
plants, and what they thought should be added to the children’s garden to help children learn 
about plants. These interviews also provided a new method for evaluating children’s gardens. In 
the past most botanic gardens evaluated their children’s gardens using the quantitative data 
collected from surveys that were mailed to adult garden members.  
This study also contributed to existing literature by providing a common term to identify 
children’s garden features that can be used by all of the children’s garden stakeholders 
(children’s garden designers and educators, children, parents, and guardians) as well as formal 
educators. Previous research on children’s garden design has used the following terms 
interchangeably to refer to these children’s garden features: exhibits and activities (Tai et al., 
92006), features and elements (M. Miller, 2005), areas (Memphis Botanical Garden, 2009), 
garden features and garden design features (A. Miller, 2010). 
 The new term, participatory garden feature (PGF), was developed for this study through 
a review of literature on children’s gardens. Participatory has been defined as hands-on or 
involved and a feature has been defined as a distinct part. Therefore, for the purpose of this 
study, a participatory garden feature (PGF) was defined as a distinct part or area of a garden that 
provides opportunities for hands-on experiences or active involvement. 
Additionally, since the terms element, feature, exhibit, activities were often used 
interchangeably throughout the existing literature, it was necessary to distinguish between a 
participatory garden feature (PGF) and the elements in the children’s gardens. Research on 
children’s garden design (Eberbach, 2009; M. Miller, 2005; A. Miller, 2010; Tai et al., 2006) has 
used the term, element, to refer to things such as water, interpretive signs, natural materials, and 
plants within the participatory garden feature or around the garden; whereas the term 
participatory garden feature refers to the area or distinct part of a garden that contains different 
elements that facilitated active participation by children.   
In the landscape architecture literature, participatory design referred to an approach in 
garden design that attempts to actively involve all stakeholders in the design process to help 
ensure that the product designed meets their needs (Wake, 2007). However, Tai et al. (2006) has 
recently introduced the term, participatory aspects, to describe the interactive aspects of 
children’s garden. A review of the book by Tai et al. (2006) explains the introduction of this new 
term, “ ...Although the authors addressed “participatory aspects of the garden,” reading these 
sections revealed that “participatory” meant “interactive,” rather than engaging the children and 
youth in planning and elements of the decision-making process” (Eames-Sheavly, 2008).  
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Participatory was chosen over interactive because interactive has been defined as “acting 
or capable of acting on each other,” meaning that the garden feature would act on the children 
like a self-correcting museum exhibit or video game. Most the garden features did not interact 
with the children or react to the children’s participation. However, the pollinator puppet 
participatory garden feature at the New York Botanical Garden’s Everett Children’s Adventure 
Garden was interactive. At this feature the children chose either hummingbird or butterfly 
puppets to act out the pollination of a large flower model. To teach the children that 
hummingbirds pollinate trumpet-shaped flowers the flower made a “yum” sound when children 
put the hummingbird puppet’s beak in the trumpet-shaped flower. On the other hand, if the 
butterfly pollinator puppet was put in the trumpet-shaped flower, it made a buzzer sound. 
1.6 Research Question 
Do children’s gardens facilitate the development of an awareness and knowledge of 
plants in children? This study specifically looked at the potential of the different participatory 
garden features in these gardens for developing children’s awareness and knowledge of plants 
from the stakeholders’ perspectives. A review of the existing literature (described in Chapter 2) 
indicated that children were the most important, but most neglected stakeholders of these 
gardens. Therefore, the stakeholders included in this study were the children who visited these 
children’s gardens and their parents or guardians accompanying them on their visits. The parents 
or guardians were also interviewed to provide more insight on the children’s experiences in the 
children’s gardens.  
1.6.1 Research Objective 1  
 The first objective of this study was to determine which participatory garden features had 
the highest visit frequency by recording the frequency of children’s visits and revisits to the 
different participatory garden features. Due to the free-choice nature of children’s gardens, 
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effective participatory garden features must attract children and encourage them to participate. 
The on-site interviews with the children and their parents or guardians provided supportive data 
for this objective. 
1.6.2 Research Objective 2 
 
 The second objective of this study was to determine from on-site observations and 
interviews with the children which participatory garden features most effectively increased their 
awareness and knowledge of plants. Additionally, a plant attitude scale and a plant principles test 
were incorporated into the children’s interviews to determine their awareness and knowledge of 
plants. The incorporation of these data collection methods allowed for clarification and 
elaboration of information from the children.  
1.6.3 Research Objective 3 
  
 The last objective of this study was to compare the children’s and parents’ or guardians’ 
perspectives to the content analysis of the children’s garden goals to determine how well the 
stakeholders’ perspectives aligned with the goals of the children’s garden. For example, if the 
children’s garden goal was for children to explore natural elements, this study looked at whether 
natural elements were provided and actually explored by the children. This objective was 
accomplished through the following data collection and analytical methods: (a) a content 
analysis of mission or goals of the children’s gardens; (b) on-site interviews with visiting 
children and their parents or guardians; (c) field notes containing observations of children’s 
behaviors during their garden experience; and (d) a cross analysis of garden goal content analysis 
and interview data from the stakeholders.  
1.7 Research Methods 
 A mixed method research approach was used in this exploratory study, employing the use 
of both qualitative and quantitative research methods in a parallel mixed method design (Teddlie 
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& Tashakkori, 2009). Qualitative and quantitative methods of data collection occurred 
separately, but simultaneously. These different, but complementary, data collection methods 
provided different forms of data that answered related aspects of the research questions and 
provided mutual verification data that was analyzed to generate insight on how these gardens 
impact children. These methods included observations of children’s behaviors in the gardens and 
semi-structured, open-ended exit interviews of both the children and their parents or guardians. 
Quantitative methods included timed-movement and frequency data collections. The quantitative 
data were used to validate the qualitative narrative and anecdotal data collected from the 
interviews and observations; the narrative data provided explanations for the quantified 
behaviors. 
1.8 Gowin’s Vee: Diagram of Research 
 Gowin’s Vee (Figure 1.1) is a diagram that is useful for planning and implementing a 
study (Novak & Gowin, 1984). Gowin’s Vee was used as an aid in designing this study and to 
visualize the interplay between the existing research and the new knowledge (Novak & Gowin, 
1984). The “V” points to the events that are the root of the research. On the left side of the “V” 
are the principles and theories that have been developed over time that provided the foundation 
for this study. The different elements of the Vee Diagram also guided the study. Located in the 
middle of the Vee are the objectives of the study and on the left are the transformations and the 
records. The transformations and records organized the observational and interview data in a 
tangible form so that the relationships between the data could be seen. Once relationships 
between the different data were recognized, answers were constructed for the research objectives 
and the primary question. These answers were then constructed into knowledge claims (Novak & 
Gowin, 1984).  
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  Figure 1.1. Gowin’s Vee: Diagram of Research (Novak & Gowin, 1984) 
An Exploratory Study of Informal Science Learning by Children, Ages 2-12 Years, at 
Selected U.S. Botanical Gardens 
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  Figure 1.2. Flow Chart of Research 
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1.9 Flow Chart of Research 
 The Flow Chart of Research Diagram (Figure 1.2) provided a roadmap for this study. 
This roadmap served two purposes. First, it organized the steps of this study into a logical flow 
pattern, pointing out critical moments or benchmarks. Secondly, it served as a timeline to keep 
the study on the track.  
1.10 Summary 
  A scientifically literate citizenry, specifically, a botanically literate citizenry, is important 
for the economic future of this country and health of this planet (BSA, 1995). Both formal and 
informal educators must take an active role in fostering scientific literacy. This study 
investigated children’s experiences in children’s gardens to determine if the children visiting 
these gardens were becoming more aware and knowledgeable of plants.  
 The following two chapters elaborated on the theories and methods addressed briefly in 
this introduction. In Chapter 2, the literature review, key studies were identified from the fields 
of education, cognitive psychology, landscape architecture, and informal science learning and 
discussed in detail to form the foundation and justification of this study. Chapter 3, the methods, 
described in detail the research methods that were used to achieve the objectives of this study. 
This chapter also provided information on the researcher’s background and how the research 
methods that were used to strengthen the validity, reliability, and inference transferability of this 
study. 
1.11 Definitions of Terms 
Biophilia hypothesis - Wilson (1984) proposed that humans have an innate affinity for the 
 natural world. 
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Botanical literacy - The public’s understanding of a core set of pervasive plant science principles 
 appropriate to making informed personal and societal decisions about plants in everyday 
 life (Uno, 2009). 
Children’s adventure gardens - Gardens where children explore natural materials including earth, 
 water, fire, wood, plants, and animals with minimum supervision from adults. 
Coding - Coding is the marking of segments of data with symbols, descriptive words, or category 
 names during qualitative data analysis. 
Deductive themes - The themes that the researcher adopts from an existing theory or the coding 
 schemes developed in a preliminary study used to analyze narrative data.   
Dreamtime nature play - A time to be alone, to pretend, build things, to find out how things 
 work, and construct meaning about the world (Louv, 2008).  
Experiential learning - Learning that involves an individual’s process of making meaning from 
 his or her direct experiences (Bell, Lewenstein, Shouse, Feder, 2009). Human 
constructivism - Joseph Novak’s theory (1998) of learning and understanding that 
 proposed there is an external and knowable world and that humans actively construct 
 their knowledge of the world.  
Inductive themes - Themes derived from the transcript data through the researcher’s careful 
 examination and constant comparison during qualitative data analysis. 
Informal learning - Learning that occurs in a variety of places outside of schools, such as at home 
 and work and through daily interactions and shared relationships with members of a 
 society. 
Interpretive media - Interpretive media is defined as conversation, guided interaction, 
 signage, brochures, or any communication that enriches the visitor’s experience by 
 making meaningful connections between the information and collections or experiences 
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 of the institution (Tyler & Rigby 2010). 
Mindful learning - Langer (1997) described mindful learning as a process where learners take 
 control of their learning by drawing novel distinctions about the material they are 
 attempting to learn or venture to make the material meaningful or relevant to them. 
Nature deficient disorder (NDD) - A term coined by Richard Louv (2008) referring to the 
 national trend in children to spend less time outdoors resulting in their disconnect with 
 the natural world. 
Participatory garden feature - A distinct part  or area of a garden that provides opportunities for 
 hands-on experiences or active involvement.  
Plant blindness - Wandersee & Schussler (1999) described plant blindness as a disinterest in 
 plants, particularly the lack of recognition of the importance of plants in their daily lives. 
Scientific literacy - The knowledge and understanding of scientific concepts required for 
 personal decision-making, participation in cultural affairs, and economic productivity. 
Themes - The dominant features or characteristics of a phenomenon under study. Themes are 
 expressed as a single word or multiple words (e.g. plant experiences), a phrase (e.g. 
 gardened with a plant mentor), a paragraph, or an entire document. Themes are developed 
 in two ways: inductively or deductively. 
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CHAPTER 2. 
LITERATURE REVIEW 
 The purpose of this literature review was to understand plant blindness. Specifically, this 
review examined what it means to have plant blindness and what types of experiences would 
prevent plant blindness by promoting an awareness and understanding of plants or botanical 
literacy. To understand plant blindness, research was examined and compiled from four 
academic disciplines: science education (e.g., Wandersee & Schussler, National Research 
Council, Uno); cognitive psychology (e.g., Langer, Bloom, Krathwohl); environmental 
psychology (e.g., Kahn, Kaplan, Wilson, Chawla); and landscape architecture (e.g., Tai, Hague, 
McLellan, & Knight; Wake; Tyler). This anthology of research attempted to answer these 
specific questions: a) What is plant blindness, its meaning, its symptoms? b) Why is a botanical 
literate citizenry important for this country? c) What are the possible causes of plant blindness? 
d) What can be done to improve botanical literacy or prevent plant blindness?  
2.1 Importance of Botanical Literacy 
Plants are the one of the most important biotic organisms comprising 90% of the biomass 
of the Earth. Humans and many other animals depend on plants as the first link in their food 
chains (Botanical Society of America, 1995). Plants also are key producers of the oxygen that 
many animals breathe. Geological records confirm that the introduction of photosynthesizing 
plants, and thus the production of oxygen, was necessary for many animals to evolve (BSA, 
1995). Throughout history, human destiny has been distinctly shaped by interactions with plants, 
from the development of agriculture which allowed humans to abandon their nomadic life and 
the New World voyages spurred by the search for spices that led to the discovery of this 
continent, to the green revolution we are experiencing today (BSA, 1995). 
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According to the Botanical Society of America (1995), human’s dependence on plants 
and personal interests originally inspired the study of plants. Yet, throughout history, botany has 
moved beyond this purpose to yield great insight into our understanding of all life (BSA, 1995). 
For example, Gregor Mendel (BSA, 1995) formulated the rules of heredity through his 
experiments with pea plants, and Charles Darwin (BSA, 1995), a trained botanist, offered a 
theory to explain the evolution of all forms of life that ranks as one of the preeminent ideas of 
science. The identification of the first virus, cell theory, and the jumping gene theory were 
discovered through research with plants (BSA, 1995).  
The BSA (1995) insisted that botany is important for an understanding of the natural 
world and maintaining a healthy environment. The BSA urged botanists to work with K – 12 
educators to work to improve botanical literacy. Specifically, botanical literacy is necessary for 
an understanding of the evolution and diversity of life, the development of organisms, and the 
structure and function of ecosystems. Since plants provide both food and habitat for many 
organisms, much of the diversity of life is threatened by the destruction of plant diversity (BSA, 
1995). Botanical literacy is also crucial to minimizing the global loss of biological diversity. 
The Brooklyn Botanic Garden (2007) also recognized the importance of a botanically literate 
citizenry for the future of our environment. 
It is not necessary to think about photosynthesis with every breath in order to derive 
benefit from the oxygen in the air, but there is a danger in losing our collective awareness 
of the crucial role plants play in our lives. Our children can’t be expected to be good 
future stewards of plants in the natural world if they aren’t aware of their true value 
(Smith & Myrie, 2007, pp 109-110).  
However, despite the importance of botanical literacy and people’s dependence on plants 
(e.g., pharmaceuticals, clothing, building materials, oxygen, and food), plants remain largely 
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unnoticed and disproportionally represented in science education textbooks (Wandersee & 
Schussler, 1999). Why don’t people in the United States realize how important plants are in their 
lives? Why do people fail to notice plants in their immediate environments? Why does the U S 
public have so little knowledge and interest in plants? Why do many people, especially children, 
believe that plants are non-living? These are the questions that Wandersee & Schussler (1999) 
set out to answer in their search for the underlying reasons that the majority of the U.S. public is 
virtually botanically illiterate. 
Wandersee and Schussler (1999) believed that the answers to these questions would 
ultimately lead to the improvement of the nation’s scientific literacy level and to greater public 
understanding of plants. The future of U. S. research in plant science depends on a botanically 
literate citizenry (Niklas, 1995 as cited in Wandersee & Schussler, 1999). 
Uno (2009) also insisted that a high level of scientific illiteracy exists in this country. He 
insisted that scientific illiteracy exists because today’s students, although technologically 
advanced, lack intellectual curiosity and rigor. The level of botanical illiteracy in this country has 
been linked to students’ lack of interest in plants and infrequent exposure to plant science during 
the K-12 years (Uno, 2009). Botanical literacy contributes greatly to scientific literacy because 
of the dominant role of plants in understanding the natural world. To increase scientific literacy 
in this nation, it is necessary to increase botanical literacy (Uno, 2009). 
2.2 Plant Blindness 
 Wandersee and Schussler (1998) developed the term plant blindness to describe this 
country’s lack of interest in plants, in particular, angiosperms (flowering plants). They defined 
plant blindness as: the inability to see or notice the plants in one’s own environment. They 
believed that plant blindness has led to botanical illiteracy in this country:  
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• The inability to recognize the importance of plants in the biosphere, and in human 
affairs;  
• The inability to appreciate the aesthetic and unique biological features of the life 
forms belonging to the plant kingdom;  
• The misguided, anthropocentric ranking of plants as inferior to animals, leading to the 
erroneous conclusion that they are unworthy of human consideration (Wandersee and 
Schussler, 1998, as cited in Wandersee, 2001, p. 4). 
Wandersee and Schussler (1998) proposed that the possible symptoms of a person afflicted with 
plant blindness are: 
• Failing to see, take notice of or focus attention on the plants in one’s daily life; 
• Thinking that plants are merely the backdrop for animal life; 
• Misunderstanding what kinds of matter and energy plants require to stay alive; 
• Overlooking the importance of plants to one’s daily affairs (Balick & Cox, 1996, as 
cited in Wandersee & Schussler, 1998); 
• Failing to distinguish between the differing time scales of plant and animal activity 
(Attenborough, 1995, as cited in Wandersee & Schussler, 1998); 
• Lacking hands-on experiences in growing, observing, and identifying plants in one’s 
own geographic region; 
• Failing to explain basic plant science underlying nearby plant communities-including 
plant growth, nutrition, reproduction, and relevant ecological considerations; 
• Lacking an awareness that plants are central to a key biogeochemical cycle-the 
carbon cycle; and 
• Being insensitive to the aesthetic qualities of plants and their structures-especially 
with respect to their adaptations, co-evolution, colors, dispersal, diversity, growth 
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habits, scents, sizes, sounds, spacing, strength, symmetry, tactility, tastes, and textures 
(Wandersee & Schussler, 1999, as cited in Wandersee & Schussler, 2001, p. 4). 
2.3 The Visual Value and Attractiveness of Plants (Biophilia) 
As mentioned above the term plant blindness is most appropriately used in reference to 
the angiosperms, the flowering plants. Wandersee’s and Schussler’s reasoning for their focus on 
angiosperms is in part because of the importance of their visual value in their survival. Specific 
reasons for referencing angiosperms include: (a) the fact that angiosperms make up much of the 
visible world of modern plants; (b) because of the unique way that flowering plants use visual 
information to attract their pollinators as a aid in reproduction; and (c) their incredible ability to 
co-evolve their visual and physiological features along with their pollinators for survival of both 
organisms (Wandersee, 2001, p. 5).  
Angiosperms are able to control their relationship with their pollinators by modifying 
their visual signal value (e.g., color, shape) (Wandersee, 2001, p. 5). Many pollinators are drawn 
to flowers because of their colors and scents. The more often the flowers are visited and 
pollinated, the higher their chance of seed production, giving these plants an immediate selective 
advantage (Wandersee, 2001, p. 5). For example, hummingbirds and butterflies are attracted to 
red flowers more than other colored flowers. If they were the only pollinators in an ecosystem, 
red flowering plants could become the dominant plants in the ecosystem. The fascinating 
features of flowering plants offer an invaluable vehicle for drawing attention to plants and thus 
preventing plant blindness. In a background of green leaves, it is the angiosperms, with their 
brightly colored flowers and sweet scents that catch the eye of humans and other animals.  
Lohr and Pearson-Mims (2002) believed that humans’ responses to nature have both 
innate and learned components. Humans intuitively feel that being around plants and nature is 
restorative to the human spirit. This is the reason humans incorporate plants in their living 
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environments, such as homes, workspaces, gardens, shopping malls, and theme parks. They 
credit this inherent attraction of plants and nature to biophilia (Wilson, 1984). The biophilia 
hypothesis maintains that humans have an innate affinity for the natural world, implying that 
human’s attraction for nature had significance for the survival of early humans.  
 Additional research (Bell et al., 2009; Sobel, 1996; Tai et al., 2006) also provided 
evidence of humans’ innate attraction to nature. During the formative years, humans are 
genetically predisposed to explore the natural world and seek to understand it (Sobel, 1996). 
Humans begin this meaning - constructing process with the natural world at infancy and continue 
throughout their lives. This is also the foundational belief of human constructivism. The “Why?” 
and “What’s that?” questions of young children are an example of children working through this 
meaning-making process (Mintzes, Wandersee, and Novak, 1998). The middle childhood period, 
ages 6-12, is the natural period during which children are genetically programmed to bond with 
nature (Sobel, 1996).  
Evidence of biophilia is seen in children’s attraction to flowering plants. Myhill (2001) 
discovered that when children were asked to draw a picture of their ideal garden for children that 
flowers had the highest frequency of appearance in the children’s drawings, with 80% of the 
drawings including flowers. Red flowers appear to have the highest visual value in the drawings 
with red flowers appearing in 46% of the drawings (Myhill, 2001). 
This research indicated that humans have a deeply embedded attraction to plants and in a 
greater sense the natural environment. This finding has interesting implications. If the biophilia 
hypothesis is correct, then what are the current reasons that this innate attraction to nature has 
been turned off in most humans? On the other hand, this finding implies that the solution to plant 
blindness is finding meaningful ways to reconnect humans at an early age to nature, particularly 
plants. 
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2.4 Possible Causes of Plant Blindness 
Wandersee and Schussler’s (1999) term, plant blindness, offered researchers a new way 
to perceive and search for causes of plant blindness. They chose the word, blindness, to suggest 
that humans’ disinterest in plants is unintentional, resulting from an absence of visual 
information. Based on this assumption, they proposed using principles of human perception and 
visual cognition as a better method of diagnosing the cause of plant blindness than previously 
proposed hypotheses, such as disproportional representation in science education (as compared 
to animals) and zoocentrism (humans’ natural attraction to animals) (Wandersee & Schussler, 
1999a as cited in Wandersee, 2001). 
Using human perception and visual cognition principles, Wandersee (2001) theorized that 
plant blindness might be a result of how the eye-brain system functions in giving us the sense of 
sight. Research (Norretranders, 1998, as cited in Wandersee, 2001, p. 5) proved that humans 
actually see very little of what they look at. The human eye generates 10 million bits of data per 
second as input for visual processing, yet only sixteen bits per second are ultimately fully 
processed by the brain. The rest of their data subliminally affects thoughts, feelings, and actions 
(Norretranders, 1998 as cited in Wandersee, 2001). 
This research implied that the eyes and brain, during this visual processing of 
information, perform much like a camera taking a photograph (Norretranders, 1998, as cited in 
Wandersee, 2001). In a photograph, only a small portion (the part that is relevant or significant to 
the person) of the total landscape has sharp details, the rest is a blurred background. The object, 
that is the focal point of most photographs, is mostly likely an animal, particularly in children’s 
photographs. 
Through this analogy, it was easy to understand how the human eye-brain function, 
acting with our innate attraction to animals, may be another cause of plant blindness. Like a 
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photograph, the part of our environment that is fully processed (with sharp details) by the brain 
and that is consciously retrievable is the part that is most relevant; the rest remains unnoticed 
(Norretranders, 1998, as cited in Wandersee, 2001). Likewise, just as animals are the focus of 
most photographs, animals are usually the objects of our attention and plants are seen as a green 
background. Individuals confirm this phenomenon every time they say, “Stand by this tree, it 
provides a nice background.” Research (Tunnicliffe, 2000; Wandersee, 2001) suggested two 
reasons for humans’ attraction to animals: a) mobility of animals attracts attention; and b) 
“zoocentrism” since humans are part of the animal kingdom they find animals interesting and 
relevant. 
Looking at how brain-eye system functions from an educational psychologist’s 
perspective, researchers identified another cause of plant blindness. The research in this 
discipline (Langer, 1997; Rugg, 1998 as cited in Wandersee, 2001) reported that the brain does 
not consciously process the details of things we see and use daily (e.g., pennies, sight words, 
plants). For example, when a person reads sight words, such as the and though in a passage, a 
person immediately recognizes the word and moves past it without analyzing letters or giving it 
another thought. This phenomenon allows people to read or visualize a large amount of 
information quickly, but makes it difficult to recall details about the information. 
Wandersee (2001) believed that people see plants as a “green background” in their daily 
lives. This belief implied that, like sight words, we see them as a blur of green, devoid of 
individual plants and their details. Research in cognitive psychology (Langer, 1997) described a 
similar phenomenon referred to as learning mindlessly. When people are in a state of 
mindlessness, they act like they are on automatic pilot, programmed to behaviors made in the 
past, rather than the present. They are stuck in a single rigid perspective and are oblivious to 
alternate ways of knowing something (Langer, 1997). Mindlessness comes about through 
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repetition (seeing or doing something over and over until it becomes second nature) or during a 
single exposure where information is learned without questioning alternative perspectives of the 
information, subconsciously making a commitment to a single way of understanding it (Langer, 
1997). Langer (1997) used driving as an example of how things become mindless with repetition. 
When a person drives to work everyday, following the same route, this route becomes second 
nature, and the person no longer has to think about the details (turns and stops), the person just 
mindlessly knows their way. 
Plants, like that familiar route to work or sight words, have become so familiar to the 
brain that people no longer pay attention to their details, seeing them as a green background or 
never taking the time to understanding them in a different way. When asked to draw or tell about 
the details of plants, it is usually very difficult for most people to recall their details. An example 
of this phenomenon is the stereotypical way that most children draw flowers with rounded daisy-
shaped petals with almond-shaped leaves. The above-mentioned research implied that the 
mindless learning that occurs as a result of traditional instructional methods (i.e. teacher 
controlled lectures, repetitive worksheets, and memorization of definitions) used in elementary 
formal science education, has also contributed to plant blindness (Langer, 1997).  
Memory research indicated that two critical factors determine whether or not people will 
remember something: the degree of attention they pay to it, and the meaning or importance 
(relevance) they assign to it (Langer, 1997; Rugg, 1998, as cited in Wandersee, 2001). The 
degree of attention a person pays to something and the degree of relevance something has for the 
person increases learning. Langer (1997) refers to this type of learning as mindful learning. In 
contrast to learning mindlessly, mindful learning is a flexible state of mind in which we are 
actively engaged in the present, noticing novel distinctions, and sensitive to context, making it 
easy for us to make it relevant to our own idiosyncratic concerns (Langer, 1997). This research 
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implied that plants in the environment, like a mindlessly learned route to work, would remain a 
green blurred background devoid of details, unless the way people teach and learn about plants 
changes. 
This research (Wandersee, 2001; Langer, 1997) suggested that plant blindness could be 
prevented if botany were made more interesting or relevant to people. For example, 
horticulturists have created interest in plants through the development of novel varieties. They 
have developed plants with unusual features that appeal to the senses, such as unusual colors of 
foliage and flowers, strong fragrances, and fuzzy textures. The current abundance of plants with 
purple foliage at nurseries is an example of using a mindful strategy to sell plants; the purple 
foliage is a novelty that makes these plants distinct from other plants, causing people to notice, 
remember, and be attracted to them. Also, a lamb’s ear plant, with its gray coloring and soft 
fuzzy texture can be irresistible, especially to children. These examples suggest that introducing 
children to novel plants and plants with sensory appeal would help children become mindful of 
plants. 
2.5 Botanical Educators: Recommendations for Preventing Plant Blindness 
The Botanical Society of America (1995) insisted that knowledge of plant diversity, 
plants as organisms, and plants as the dominant biotic feature of the environment are central to 
understanding the natural world. Botanical literacy is crucial for understanding the causes of the 
critical environmental issues, such as global climate change and the loss of biological diversity 
and production of viable solutions to these issues. However, despite our dependence of plants for 
clothing, building materials, sensory appeal, pharmaceuticals, the source of all oxygen and the 
food that fuels our bodies, plants are consistently disproportionably represented in biology. 
When the Botanical Society of America (1995) examined six of the best-selling U.S. high-school 
biology texts, 37% of the material was devoted to general biology principles, 42% to humans and 
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other animals, 14% to plants, and 7% to other organisms. The BSA believed that this misleading 
representation of plants contributes to general scientific illiteracy by distorting biological reality 
and that it is the high rate of scientific illiteracy of the general public that contributes to 
ecological mismanagement (BSA, 1995) 
The BSA (1995) urged botanists to extend the influence of botany in science and society 
and to strengthen and broaden the education of botany students. The concerns noted in this report 
included the eroding state of plant biology and research as institutions have reorganized their 
biology departments for an emphasis in molecular and specialty biology. While they recognized 
the importance of these fields, they are seeing botany students that are lacking critical basic 
knowledge of plants: “Through the increased neglect of organismal biology we are losing long 
lineages of knowledge development and the production of botanists that can’t tell a composite 
from an orchid or leaf anatomy from stem anatomy” (BSA, 1995). 
Louv (2008) quoting Dayton reported similar findings in other areas of biology where 
molecular and specialty biology courses are replacing courses that offer an integrated approach 
to teaching biology. Dayton also argued that upper-division ecology students that lack critical 
basic knowledge of organisms reported that very few of his students even knew major phyla, 
such as arthropods or annelids. Dayton warned us of the implications of this “banishment of 
natural sciences” that teach an integrated approach to biology (Dayton as quoted by Louv, 2008). 
The last century has seen enormous environmental degradation: many populations are in 
 drastic decline, and their ecosystems have been vastly altered…These environmental 
 crises coincide with the virtual banishment of natural sciences in academe, which 
 eliminates the opportunity for both young scientists and the general public to learn the 
 fundamentals that help us predict population levels and the responses by complex 
 systems to environmental variation . . .We must reinstate natural science courses in all 
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 our academic institutions to insure that students experience nature first-hand and are 
 instructed in the fundamentals of the natural sciences (Dayton, as cited by Louv, 2008, 
 pp. 143-144). 
The BSA (1995) strongly urged educators to use in broader, more integrated approach to 
teaching about plants. “All botanists as individuals should maintain a whole-plant perspective in 
teaching, research, and communication, whether the emphasis is on molecules or ecosystems 
(BSA, 1995).” They insisted that the development of a model curriculum and national standards 
for undergraduate training in botany that emphasizes an integrated, whole-plant approach is 
crucial to the increase the awareness and basic knowledge of plants and the environment. 
Hypolite (2003) described a “whole plant” approach as botany instruction where plants with all 
their parts and functions are presented as an integrated system within an ecosystem. This “whole 
plant” approach resembles Uno’s (2009) “think botanically” theme described earlier. 
Hypolite (2003) in her study on pre-service teachers found that a whole-plant 
instructional strategy was an effective way to teach pre-service teachers about plant science 
concepts and principles as well as other science concepts and principles. She also found that 
when these teachers handled the plants, many for the first time, their anxiety about teaching plant 
concepts and principles, as well as other science principles, decreased. “The plants provide a 
natural vehicle for teaching not only botany concepts, but also concepts in other sciences” 
(Hypolite, 2003, p. 56).  
The BSA (1995) recognized the important role that K-12 education plays in producing 
scientifically literate citizens for the twenty-first century by insisting on the reform of botany 
education at the elementary through the college level. This reform called on all botanists to 
heighten the profile of botany through the promotion of excellence in teaching and outreach to 
the public and K-12 education. The BSA (1995) believed that it is critical for botany to be taught 
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at the early levels of education, recognizing that children develop misconceptions of botany early 
and the difficulty of unteaching theses misconceptions. 
 The BSA (1995) Action Plan included these strategies for teaching: 
• Incorporating a whole-plant approach where the plant with all its parts and functions 
is seen as an integrated system within an ecosystem (Hypolite, 2003). 
• Addressing misconceptions about plants at an early age. 
• Showcasing plants and botany as exciting and interesting to motivate students to 
notice plants. (Teaching students a thicket of terms is not the way to do this.) 
• The relevance and importance of plants in our daily lives needs to be emphasized: 
plants ability to convert and transfer the sun’s energy to many animals, the role of 
plants in oxygen production, and cultivation of plants for: food, aesthetics, shade, 
clothing, and medicinal uses of plants. 
• The contributions and value of plants in research: evolution, systems, genetics/ 
readily available, inexpensive, lack of ethical issues, and fast life cycles.  
• Establishing a network of botanical consultants and making them available as a 
resource for teachers of formal and informal education (BSA, 1995). 
Wandersee (2001) offered a similar solution to plant blindness as proposed in the BSA 
(1995) report. Their common proposal for solving plant blindness recognized the critical need to 
improve botanical education and provide direct experiences with plants for young children, 
preferably under the guidance of a knowledgeable adult (a plant mentor). Science educators were 
urged (both formal and informal) to utilize the strategies, documented by cognitive psychological 
research for promoting mindful learning (e.g., attention to novelty, making information relevant, 
presenting material with an awareness of multiple perspectives, self-directed learning, and the 
importance of direct experiences in building a knowledge base for further learning), to teach 
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children about plants. “Based on the evidence we have gathered to date, we hypothesize that 
early and iterative, well-planned, meaningful and mindful education (both scientific and social) 
about plants - coupled with a variety of personal, guided, direct experiences with growing plants-
may be the best way to prevent plant blindness” (Wandersee, 2001, pp. 8 & 9). 
 These researchers also recognized the importance of plant mentors. In a recent study, 
Wandersee & Schussler (1999) found that early experiences with growing plants under the 
guidance of a plant mentor was a good predictor of interest in plants throughout a person’s 
lifespan. 
Our research has shown that having a plant mentor in one’s life makes a pivotal 
 difference in whether one notices, appreciates, seeks to understand, and cultivates plants.
 Without formal or informal horticultural and botanical education-such as mentors and 
 botanical gardens provide-one is not likely to care about plants or to realize that all life 
 depends on plants (Wandersee as quoted in Allen, 2003). 
Additional research (BSA, 1995) supported the influence that a plant mentor has on 
students’ career choices and appreciation for plants. They reported that many professional 
botanists credited their choice of a career in botany to a teacher who introduced them to the 
excitement of studying and working with plants. In an effort to establish a connection with K-12 
education, the BSA has established an online plant science mentorship program called Plant 
Science (plantscience.org). Through this program middle school through college level students 
design and conduct plant investigations with the guidance of their instructor and on-line 
guidance from a plant scientist.  
The value of plant mentors in fostering plant awareness was supported by other research. 
For example, Tunnicliffe (2000) also found that plant mentors greatly influence what children 
noticed about plants in botanic gardens. Her research on spontaneous conversations at the Kew 
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Botanic Garden revealed that children’s observations were haphazard, noticing only obvious 
features of plants, such as color, shape, and smell. However, when cued by an adult, such as a 
parent or teacher, children noticed more novel features of plants. Her study also demonstrated the 
attractiveness of animals to children, which she attributed to the mobility of animals. “Not 
unsurprisingly, given the attractor power of movement, if an animal appears amongst the plants, 
for example the fish under the Amazonian lily pads, the animal takes the attention of the children 
away from the plant” (Tunnicliffe, 2000, p. 9). Her analysis of these conversations also revealed 
the potential for science learning in garden settings and the importance of education for adult 
mentors to facilitate botanical literacy.  
Research (Callanan and Jipson, 2001; Crowley and Galco, 2001 as cited in Fenichel & 
Schweingruber, 2010) on parent and child interactions in informal learning environments 
supported the importance of mentors in the development of plant awareness and facilitating 
science learning. This research (Callanan and Jipson, 2001 as cited in Fenichel & 
Schweingruber, 2010) found that parents often referred to prior experiences as a way to make 
exhibits more relevant and meaningful. They concluded that when parents mediated the exhibits 
for their children, the children’s experience tended to be more beneficial. Crowley concluded 
that parents played a key role in helping children select and identify appropriate details. He 
found that children who engaged with their parents during their visit viewed exhibits with more 
perceptive eyes and that their explorations were longer, broader, and more focused on relevant 
comparisons than that of children explored the exhibit on their own (Crowley and Galco, 2001 as 
cited in Fenichel & Schweingruber, 2010).  
Chawla’s (2002 as cited in Tai et al., 2006) research indicated the influence of plant 
mentors in botanical related career choices. She states that 77% of the professional 
environmentalists and naturalists she surveyed credited two factors for what led them into their 
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fields: positive experiences with the natural environment or a family role model that 
demonstrated a love of nature and passed the sentiment to them (Chawla, 2002 as cited in Tai et 
al., 2006). 
2.6 Formal K-12 Education: Recommendations for Preventing Plant Blindness 
 The National Research Council (1996) recognized that a reform was needed in science 
education to reach their goal and developed the National Science Education Standards. 
Implementation of these standards required major changes in this country, science education 
changed into an active process where students were actively involved in doing science and not 
passively listening as science is done to them. 
2.6.1 The National Science Education Standards 
 According to the National Research Council (NRC) (1996), this nation has established a 
goal that all students should achieve scientific literacy. The NRC believed that everyone, as 
individuals and as a society, has a stake in scientific literacy. 
 Scientific literacy enables people to use scientific principles and processes in making 
 informed decisions and to participate in discussions of scientific issues that affect society.
 A sound understanding of science makes it possible for everyone to share in the richness 
 and excitement of the natural world, strengthens many of the skills that people use every 
 day and encourages life-long learning. The economic productivity of our society and 
 future of our environment is tightly linked to the scientific literacy of our citizenry. The 
 collective judgment of this citizenry will determine how we manage shared resources-
 such as air, water, and national forests (NRC, 1996). 
Both formal and informal educators play a critical role in developing children into 
scientifically literate citizens. Representatives from these groups were involved in the 
development of the National Science Education Standards (standards) (NRC, 1996). These 
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standards articulate a vision of science education that will make scientific literacy for all a 
reality in the 21st century. Outlining what students need “to know, understand, and be able to do” 
to be scientifically literate at each grade level, the standards serve as a roadmap for educators to 
follow. These standards bring coordination, consistency, and coherence to science education 
reform. They emphasize a new way of teaching and learning about science that reflects how 
science itself is done, emphasizing inquiry as a way of achieving knowledge and understanding 
about the world (NRC, 1996).  
2.6.2 Inquiry-Based Science Learning 
Inquiry-based science, as described in the standards, took on two roles; first, it was a 
process in which students engage to develop an understanding of the natural world (science 
concepts), and secondly, students were expected to learn the process of inquiry itself (the nature 
of science). Through inquiry-based science, students saw themselves as scientists involved in 
science as a process: questioning, observing, inferring, and experimenting (NRC, 1996). 
The NRC (2000) explained in their report, Inquiry and the National Science Education 
Standards, that through inquiry-based learning science students describe objects and events, ask 
questions, acquire knowledge, and construct explanations of natural phenomena, test those 
explanations in many different ways, and communicate their ideas to others. Inquiry-based 
learning mirrors the scientific process of investigating ideas and collecting evidence that real 
scientists do and in this way facilitates students seeing themselves as scientists learning, 
communicating, and contributing to science, a very important concept in the meta-cognitive 
aspect of learning. Inquiry-based learning also refers to the activities of students in which they 
develop knowledge and an understanding of scientific ideas, as well as an understanding of how 
scientists study the natural world. 
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The inquiry standards embodied the NRC’s (1996) idea that all students can achieve 
scientific literacy over time if given these types of opportunities. According to the NRC (1996), 
students achieve understanding in different ways and at various depths and rates; all students 
should have opportunities in the form of multiple experiences over several years to develop the 
scientific understanding associated with the standards.  
2.6.3 Human Constructivist Theory 
External forces have driven science education reform efforts for the last 125 years. 
Reform efforts reflect real and imagined threats posed by domestic and international 
circumstances in the political, social, economic, or military arenas (Mintzes et al., 1998). These 
forces include massive immigration waves, urbanization, military competition, struggles for 
ethnic and gender equity, most recently, economic survival, and in the future, environmental 
threats. Throughout the history of science education, we have seen these forces influence 
repeated coming and goings of curricula guided by academist and practicalist traditions in 
science education (Mintzes et al., 1998). The academist tradition puts an emphasis on the 
“structure of disciplines” often producing students who could manipulate signs and symbols well 
but had difficulty applying to them to novel real-world problems. In contrast, the practicalist 
tradition emphasizes connections between disciplinary concepts and real-world problems. 
However, this de-emphasis on disciplinary structure had the effect of raising students’ awareness 
and concern for real-world problems, but failed to help students construct the knowledge 
necessary to understand the problems and contribute to their solution (Mintzes et al., 1998). 
Biologists (Louv, 2008) and BSA (1995) argued for deemphasizing specialized sciences and 
bringing back a more “holistic” approach to teaching which is an example of this practicalist vs. 
academist struggle in science education. 
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Human constructivists believed that both of these traditions have failed because they tried 
to accomplish too much and in reality accomplished very little (Mintzes et al., 1998). Human 
constructivists proposed using elements from both of these traditions; however, they subscribed 
to a notion that “less is more” and that a successful science curriculum focuses on only a handful 
of important concepts, connections between those concepts and the objects and events of the 
natural world (Mintzes et al., 1998). Through this approach of “less is more” and “quality over 
quantity,” learners will have the time to truly master concepts, developing an understanding of 
these concepts that can be useful in novel settings.  
Mintzes et al. (1998) proposed to science educators the Human Constructivist model of 
science teaching as an alternative way of thinking about science learning to the hunches, guesses, 
and folklore that have guided this profession throughout its history. Through an understanding of 
the external forces that have influenced science education curricula in the past and an 
understanding of the Human Constructivist model of science teaching, teachers are empowered 
to assess and evaluate proposed changes in terms of their likely impact on students’ 
understanding and conceptual change in the science.  
 Inquiry-based learning, as described by the NRC (1996), was consistent in many ways 
with of Novak’s (1998) Human Constructivist model of conceptual learning. Mintzes et al., in 
their book, Teaching Science for Understanding (1998), explained that humans are meaning-
makers, constructing shared meanings through the process of conceptual change. Constructivists 
view conceptual change as a gradual accretion of information that the learner uses to sort out 
contexts in which it is profitable to use one form or explanation or another (Fensham, Gunstone, 
& White, 1994, as cited in Mintzes et al., 1998). During the conceptual change process, the 
learners must recognize their conceptions, evaluate these conceptions, decide whether to 
reconstruct the conceptions, and, if they decide to reconstruct, to review and restructure other 
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relevant aspects of their understanding in ways that lead to a conceptual hierarchical framework 
(Gunstone & Mitchell (n.d., as cited in Mintzes et al., 1998). This ability to reflect on and 
monitor one’s thinking is known in cognitive research as “metacognition.” This hierarchical 
framework of information makes it easier for the information to be retrieved and adapted to 
novel situations, a process that Langer described as “flexible thinking” (Langer, 1997). Human 
constructivists propose that this reflective process in learning is unique to the human species, 
thus the new term, human constructivism (Mintzes et al., 1998). 
The Human Constructivist model has its roots in the Ausubel’s Assimilation Theory 
(Mintzes et al., 1998). Mintzes et al. (1998) believed that the most important concepts of 
Ausubel’s theory are (a) that the prior knowledge of a subject is the most important factor in 
learning new material in the subject and (b) the distinction between meaningful learning and rote 
learning. Ausubel’s (1963 as cited in Mintzes et al, 1998) theory provided three criteria 
necessary for meaningful learning to happen: (a) the material itself must have potential meaning; 
(b) the learner must already possess relevant concepts to anchor the new ideas; and (c) he or she 
must voluntarily choose to incorporate the new knowledge in a non-arbitrary, non-verbatim 
fashion. When one or more of these requirements is not met, rote learning occurs. In contrast, 
during rote learning the learner accumulates isolated concepts rather than developing the strongly 
hierarchical frameworks of successively more inclusive concepts that are characteristic of 
meaningful learning. The limitations imposed by such isolated propositions are poor retention 
and retrieval of new ideas, potential interference in subsequent learning of related concepts, and 
inability to use new knowledge to different contexts (Mintzes et al., 1998). 
Like the NRC (1996) human constructivists rejected the view that knowledge is a product 
that can be given to students by teachers, asserting that it is the learner who constructs 
knowledge for himself or herself. 
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Instead we substitute the idea that knowledge is an idiosyncratic, dynamic construction 
 of human beings; that education attempts to bridge differences among people and that 
 educators are “middlemen” or negotiators of meaning. We further recognize that the 
 process of negotiation implies willingness and an ability to change and that conceptual 
 change is governed by both gradual and radical events that are consistent with principles 
 espoused in Ausubel’s (1963) work (Mintzes et al., 1998, pp. 49-50).  
Mintzes et al. (1998) described radical events as “Ah-ha” moments when the learner suddenly 
understands a concept. 
Human constructivists recognized that conceptual change involves the extremely time-
consuming process of negotiation, which have the following recommendations for science 
education. First, fewer topics can be “covered” in the course of a typical school year and that 
great care needs be taken in selecting and sequencing the concepts in a science curriculum 
(Mintzes et al., 1998). Secondly, instructional methods must encourage active participation and 
substantial interaction among teachers and learners (Mintzes et al., 1998). Teachers must be 
willing to change in response to social interaction with students (Mintzes et al., 1998). 
 The NRC (1996), like the human constructivists and Langer (1997), also recognized the 
limits of traditional science instruction that utilizes mindless, rote-learning methods of 
instruction. The NRC pushed for a reform in science education for meaningful learning where 
students construct greater knowledge and understanding through the inquiry process. In their 
report, The National Science Education Standards, they insisted that inquiry-based science is an 
active process where students are doing science, not passively listening as science is done to 
them. The NRC’s (1996) goal for the standards was to provide criteria that educators could use 
to judge the quality of what students know and are able to do, as well as bring consistency and 
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coherence to the improvement of science education. They also realized that developing this type 
of scientific literacy in our students would take multiple experiences over several years. 
 However, while the current standards addressed many elements of mindful learning and 
have consistency with the human constructivist model, many human constructivists such as 
Mintzes, Wandersee, and Novak (2005) believed that educators should know the limitations of 
the standards to make wise decisions about science instruction. They believed that the principle 
problem started with the development of the standards. Although experts in the science and 
education communities of practice developed the standards, the views of experts who do not 
advocate inquiry-based instruction as the best method science instruction were not included. 
They also argued that the standards are too broadly stated, leaving much of the interpretation to 
educators, which undermines the very reason for setting standards and their goal for the 
standards. This broadness also makes assessment of the achievement of the standards very 
difficult (Mintzes et al., 2005). 
 Other limitations presented by the human constructivists regarding the standards 
included: (a) the standards for the lower grades are too conservative; (b) there are no benchmarks 
that address metacognition specifically; and (c) the “laundry list” of benchmarks is 
overwhelming. They believed that the conservativeness of the standards for lower grades 
resulted in the omission of instruction of concepts that are fundamentally necessary for the 
understanding of most science at a critical time in children’s lives. It is during the early 
formative years that children are constructing most of the meanings and misconceptions about 
the natural world that are their foundation for understanding science (Mintzes et al., 2005). They 
believed that the omission of instruction in fundamental concepts like the particulate nature of 
matter as one of the most serious limitations to the standards, telling us that postponing the 
teaching of fundamental concepts such as this one postpones the chance of children developing 
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understanding of most basic science phenomena and results in rote memory learning of these 
concepts. In a longitudinal study of children’s science concept development, Novak proved that 
instruction (first and second grade) in the particulate nature of matter could influence children’s 
science learning throughout their academic career (Mintzes et al., 2005). 
The National Science Education Standards (NRC, 1996) detailed a long list of broad 
benchmark statements for student achievement at each grade level. This long list of concepts is 
inconsistent with the human constructivist’s philosophy of “less is more”: that a successful 
science program focuses on only a handful of central concepts, the relationships among those 
concepts, and connections between those concepts and the objects and events of the natural 
world. The NRC (1996) viewed the primary objective of science instruction as, “Quality over 
quantity, meaning over memorizing, and understanding over awareness” (Mintzes et al., 1998, p. 
56). It is their belief that this type of instructional design will move science education away from 
its rote memorization tradition. This long list of benchmarks makes it impossible to teach with 
this philosophy in a school year, forcing teachers and students to fall back on traditional rote-
memorization learning practices (Mintzes et al., 2005). 
Recognizing these same problems with the currently used standards the NRC (2011) has 
developed A Framework for K-12 Science Education that incorporates the human constructivists 
view that the standards should be “fewer, higher, and clearer.” “There is widespread recognition 
that too often the standards are long lists of detailed and disconnected facts, reinforcing the 
criticism that the U.S. science curriculum tends to be “a mile wide and an inch deep” (NRC, 
2011, p. 1-1). Not only are such an approach alienating young people, but it can also leave 
students with fragmented elements of knowledge and little sense of the intellectual and creative 
achievements of science or its explanatory coherence. Moreover, it neglects the need for students 
to develop an understanding of the practices of science and engineering which is as important as 
41
knowledge of its content (NRC, 2011, p. 1-1 – 1-2). This framework employs three strategies for 
providing a more coherent vision: 1) limiting the number of core ideas to be mastered in science 
and engineering both within and across disciplines giving students the necessary time to engage 
in scientific investigations and argumentations to achieve depth of understanding; 2) a continual 
design that is designed to help children continually build on, revise, their knowledge and 
abilities, starting from initial conceptions about how the world works and curiosity about what 
they see around them; and 3) the integration of both knowledge of scientific explanations and the 
practices needed to engage in scientific inquiry and engineering design (NRC, 2011). 
The strategies employed by this new framework reflected the elements that human 
constructivists argue are necessary for science understanding. The first strategy, limiting the 
number of core concepts and allowing students the necessary time to investigate and master these 
core concepts, reflects the human constructivist philosophy of “less is more” and “quality over 
quantity.” The NRC’s (2011) second strategy of providing a continual design to help students 
build on and revise their knowledge and abilities reflects the hierarchical framework constructed 
by learners during the conceptual change process described by human constructivists (Mintzes et 
al., 1998). The third strategy describes the belief of human constructivists that science is not a 
body of knowledge given to students by a teacher but rather that science is a dynamic process 
where students construct knowledge (Mintzes et al., 1998). The new framework gives promise to 
exhausted science educators who have faced the challenge of trying to effectively teach the 
multitudes of concepts every year mandated by the first national science education standards. A 
Framework for K-12 Science Education has been made public to serve as a guide to standard 
developers, curriculum designers, assessment developers, state and district science 
administrators, professionals responsible for science-teacher education, and science educators 
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working in informal settings. The projected implementation of this framework has been set for 
fall of 2012. 
2.7 Informal Learning Environments: Recommendations for Preventing Plant Blindness 
Efforts to improve scientific literacy have historically targeted formal education, focusing 
on strategies to improve curricula and teacher training. However, Bell, Lewenstein, Shouse, & 
Feder (2009) estimated that individuals spend as little as nine percent of their lives in schools. 
Furthermore, despite our nation’s goal that all students should achieve scientific literacy in the 
21st century, the current trend in U. S. elementary schools is that science often takes a backseat to 
traditional emphases on mathematics and literacy; meaning that very little of that nine percent is 
spent on science instruction. This emphasis on mathematics and literacy instruction has been 
further enforced by the No Child Left Behind Act of 2001(NCLB) that rewards high performance 
on standardized tests in these subjects. As a result, the time spent teaching science has greatly 
diminished and field trips have been virtually eliminated in elementary schools to provide more 
time for mathematics and reading instruction (Keeley, 2009).  
This trend in formal education was especially true at the K-5th grade levels where it is a 
common practice to not teach science at all even though research shows how important primary 
experiences with the natural world are in these early formative years for providing a foundation 
for later of scientific concepts and a positive attitude about learning science. “The good 
intentions of NCLB eroded the fundamental foundation for science in our K-12 education 
systems. One of the crucial parts for a fully functioning system is missing or damaged” (Keeley, 
2009). Elementary science is a critical part of the K-12 science education system and the K-6 
years of science knowledge and skill building are not there to support the cumulative steps that 
contribute to high levels of science learning (Keeley, 2009). 
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In the Summer 2011 NSTA Reports, 44.6% of the elementary and middle school 
educators reported time for science decreased in the 2010 – 2011 year compared to the year 
before (Petrinjak, 2011). This survey also found that 26.5% teachers spent 200-250 minutes each 
week on science instruction (Figure 3) (Petrinjak, 2011).  
Learning in science begins in early childhood. This is a time when young minds are 
curious about science and ready to engage in the practices and language of science. 
Young children bring to science views of the natural world and ways of thinking that 
have a major impact on their learning as they progress from one grade level to the next. 
Ignoring these ideas and delaying the development of science language and practices 
until students formally encounter science in middle school certainly violates what we  
know about systems: If one part is missing, it affects the other parts of the system
(Keeley, 2009).  
   
    Figure 2.1. Instructional Time Per Subject 2010 – 2011  
   (http://www.nsta.org/publications/news/story.aspx?id=58727) 
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In a recent National Science Teachers Association (NSTA) Report (2010), Sharpiro, 
editor of Science and Children’s Early Years column, acknowledged the importance of early 
experiences in nature for children for the development of scientific knowledge, skills, and 
attitudes. She quotes preschool teacher, Ashbrook.  
Giving young children a broad range of experiences with the natural world makes sure 
 they have a broad range of experiences to refer to in future learning. I hear middle and 
 high school teachers on the NSTA lists talk about how the students have never seen or 
 held a grasshopper, or have limited experience looking at the night sky, so they have few 
 reference points to learn about form and function, or the phases of the Moon (Ashbrook 
 as quoted in Shapiro, 2010, pp. 2-3). 
Sharpiro (2010) also believed that it is important that science is taught early and through 
direct experiences with scientific phenomena so students will see science within their ability and 
develop a positive attitude toward science. In the previously cited report, an early childhood 
science educator has observed that many people are intimidated when they hear the word, 
‘science’ (Sharpiro, 2010). “They immediately think of difficult formulas or theories that are too 
complex for the average person, but if they are introduced to science at a young age, they will 
not think of it as a subject that is beyond their ability” (Sharpiro, 2010, p. 1).  
Wandersee (2001) also recognized the crucial role that science instruction and direct 
experiences at an early age have for children in developing a positive attitude and understanding 
in science phenomena particularly in plant science. In a study (2001) on the causes, symptoms, 
and prevention of plant blindness, he collected evidence that supported early and iterative, well-
planned, meaningful and mindful education about plants coupled with a variety of personal, 
guided, direct experiences with growing plants may be the best way to overcome what we 
currently see as plant blindness.  
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Bell et al. (2009) stated that the potential for science learning in informal learning 
environments is often overlooked or underestimated in science education reforms. It is within 
informal settings where people actually begin constructing meanings about the natural world as 
infants and continue scientific learning throughout their lifetime. “Across the life span, from 
infancy to late adulthood, individuals learn about the natural world and develop important skills 
for science learning in non-school settings” (Bell et al., 2009, p. 2). With the current trends in 
formal education, informal science environments may be a more cost-effective way to 
significantly improve public understanding of science (Falk & Dierking, 2010).  
Recent research (Falk & Dierking, 2010) on informal learning suggested that non-school 
resources – used by learners across their lifetime from childhood onward – actually accounted 
for the majority (95%) of Americans’ science learning throughout their life span. The average 
American spends only five percent of their lives in a classroom of which only a small fraction is 
dedicated to science instruction. Forty years of steadily accumulating research also shows that 
informal science learning opportunities are major predictors of children’s development, learning, 
and educational achievement (Falk & Dierking, 2010). These authors (Falk & Dierking, 2010) 
suggested that since economically and otherwise disadvantaged children were less likely to have 
access to these opportunities, this inequality substantially undermined their learning and chances 
for school success.  
“It is important that children perceive these free choice learning experiences as 
meaningful, engaging, and fun. The inclusion of free-choice science learning experiences in the 
lives of children is essential because young children in particular learn through play” (Falk & 
Dierking, 2010, p. 492). The prevalence of a play-oriented medium for education delivery has 
been shown to encourage children to interact with each other, adults and objects surrounding 
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them in ways that significantly supports the development of science inquiry skills (Falk & 
Dierking, 2010).   
Informal learning experiences characterized as being guided by the learner interests, 
voluntary, personal, deeply embedded in a specific context, and open-ended, include all the 
necessary elements for the conceptual change process described by Novak’s Human 
Constructivism model (2000) and Langer’s Mindful Learning Theory (1997), which is necessary 
for mindful learning and flexible thinking. Successful informal science learning experiences not 
only lead to increased learner-constructed knowledge or understanding in science, they also lead 
to further inquiry, enjoyment of science, and a sense that science learning can be personally 
relevant and rewarding (Fenichel & Schweingruber, 2010).  
Informal science environments incorporate facets of learning that are believed by human 
constructivists to facilitate conceptual change and flexible thinking: the development of 
expertise; the role of intuitive ideas and prior knowledge in developing deeper understanding; 
and the ability to reflect on one’s own thinking (metacognition) (Fenichel & Schweingruber, 
2010). Bell et al. (2009) tells us that having expertise in a topic means that knowledge, usually of 
a specific domain, is organized into coherent frameworks, and the expert understands the 
interrelationship between facts and can distinguish which ideas are most central.  
This kind of deep, but organized understanding, allows for greater flexibility in learning 
and facilitates application across multiple contexts (Fenichel & Schweingruber, 2010). Another 
element of informal science settings that aligns with human constructivism is that the exhibits, 
collections, signage, media, and interpretations of the staff or parents primarily serve as a guide 
to the learner’s experience much like the “middlemen” or “negotiators of meaning” role of the 
educator in formal education (Fenichel & Schweingruber, 2010).  
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Informal science learning environments promote and facilitate lifelong, life-wide, and 
life-deep learning. “The idea of lifelong, life-wide, and life-deep learning helps illustrate the 
breadth of human learning and the broad reach of opportunities for learning in informal learning 
environments” (Banks et al., 2007, as cited in Bell et al., 2009, p. 28). Lifelong learning refers to 
the acquisition of fundamental competencies and attitudes and a facility with effectively using 
information over the life course. Life-wide learning refers to the learning that takes place across 
social settings, and life-deep learning refers to beliefs, ideologies, and values associated with 
living life and participating in the cultural workings of both communities and the broader society 
(Bell et al., 2009). Life-deep learning involves the moral, ethical, religious, and social values that 
guide what people believe, how they act, and how they judge themselves and others. This focus 
on life-deep learning emphasizes how learning is never a culture-free endeavor (Bell et al., 
2009). Thinking of learning through these three perspectives is consistent with cognitive 
research, such as Langer’s (1997) flexible thinking, describing learning that is quickly retrievable 
and adaptable to novel situations and settings. 
According to Bell et al. (2009), informal science education environments share these 
elements supported by cognitive research as essential elements for meaningful learning and 
flexible thinking: 
• Engaging participants in multiple ways, including physically, emotionally, and 
cognitively; 
• Encouraging participants to have direct interactions with real phenomena of the natural 
world in ways that are determined by the learner; 
• Providing multifaceted and dynamic portrayals of science; 
• Building on the learner’s prior knowledge and interest; and 
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•  Allowing participants considerable choice and control over whether and how they 
engage and learn (Fenichel & Schweingruber, 2010, p. 5) 
Informal science learning environments, while not a replacement for formal science education 
settings, complement formal science education, offering many opportunities for direct 
experiences, rich in natural phenomena and inquiry that is many times missing in formal science 
education institutions (Fenichel & Schweingruber, 2010). 
 In the course of daily life, virtually everyone engages in informal science learning. In 
 fact, despite the widespread belief that schools are responsible for addressing the 
 scientific knowledge needs of society, the reality is that schools cannot act alone. Society 
 must better understand and draw on informal experiences to improve science education 
 and science learning broadly (Fenichel & Schweingruber, 2010, p. 1). 
 Informal science environments include a broad array of settings from everyday informal 
environments (such as watching television, reading books or magazines, having conversations), 
designed environments (such as museums, science centers, zoos, and botanical gardens), and 
programs (such as clubs and after-school programs) (Fenichel & Schweingruber, 2010). 
 Designed environments are especially complementary to formal science education and 
are used widely as field trips. They provide rich, real-world phenomena and places where people 
of all ages and backgrounds can pursue and develop science interests, engage in science inquiry, 
and reflect on experiences through sense-making conversations (Fenichel & Schweingruber, 
2010). They provide safe havens where children are free to set their learning agenda based on 
their interests, prior knowledge, and intuitive ideas with or without the guidance of a parent or 
educator (Fenichel & Schweingruber). For this reason, designed informal science environments 
were the focus of this study. 
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Through experiences in all these informal science-learning settings, the range of learning 
outcomes far exceeds the typical academic emphasis on the rote memorization of isolated facts. 
“Across informal settings, learners may develop awareness, interest, motivation, social 
competencies, and practices. They may develop incremental knowledge, habits of mind, and 
identities that set them on a trajectory to learn more” (Bell et al., 2009, p. 27). 
Bell et al. (2009) stated that the first step in understanding how to facilitate and promote 
science learning is to understand what it means to do and learn science. The principles 
recognized by the NRC align with the research on science learning described above as Novak’s 
Human Constructivism (1998) and Langer’s Mindful Learning Theory (1997). Bell et al. (2009) 
recognized the following principles for science learning: 
• Knowledge, practice, and science learning commence on early in life, continue 
throughout the life span, and are inherently cultural (meaning that your values and beliefs 
shaped by experiences throughout your life influence your science learning). 
• Science is a system of acquiring knowledge through systematic observations and 
experimentation. 
• The body of scientific knowledge that has been established is continually being extended, 
refined, and revised by the community of scientists. 
• Science and scientific practice weave together content and process features. 
• Effective science education reflects the ways in which scientists actually work (Bell et 
al., 2009, p. 42). 
Although formal and informal education can be integrated in events such as field trips, 
Bell et al. (2009) recognized that informal environments have their own missions very different 
from the test-driven missions and mandates of formal education. 
50
They present a model for science learning that places a special emphasis on providing 
 entrée to and sustained engagement with science while keeping an eye on its potential to 
 support broad range of science-specific learning outcomes and intersect with related 
 formal education institutes (Bell et al., 2009, pp. 42-43). 
Informal science learning environments provide and encourage opportunities for learners of all 
ages and backgrounds to pursue life-long learning. 
Bell et al. (2009) developed six interweaving strands that describe the goals and practices 
of science learning in informal science settings. These strands are statements about what learners 
do when they learn science; they reflect both the academist and practicalist traditions in science 
education. These strands are consistent with the elements found necessary in both Langer’s 
Mindful Learning Theory (1997) and Novak’s Human Constructivism (1998) model and other 
learning theories. These theorists share these fundamental beliefs about meaningful learning: (a) 
Learning is a mindful process that requires engagement and control by the learner as the he 
constructs understanding of his world and (b) A learner’s emotions, attitude, values, and beliefs 
about himself and his world greatly affect his learning. In Robinson’s (1993) book, What Smart 
Students Know, he attested that there is a fundamental belief that learners are knowledge 
creators. He believed that the learner should do most of the work in the learning process, asking 
questions and discovering the answers. He believed that knowing what questions to ask is better 
than just knowing the answers. Robinson also asserted that the learners’ attitudes about 
themselves and learning have a tremendous influence on their learning. Bell et al. (2009) also 
shared these theorists’ belief that “less is more” and the importance of experiential learning 
where successful science learning occurs in a learning environment that focuses on only a 
handful of central concepts, the relationship among those concepts, connections between those 
concepts, and the objects and events of the natural world (Mintzes et al., 1998).   
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 According to Bell, et al. (2009), learners who engage with science in informal 
environments:  
• Experience excitement, interest, and motivation to learn about phenomena in the natural 
and physical world; 
• Come to generate, understand, remember, and use concepts, explanations, arguments, 
models, and facts related to science; 
• Manipulate, test, explore, predict, question, observe, and make sense of the natural and 
physical world; 
• Reflect on science as a way of knowing; on processes, concepts, and institutions of 
science; and on their own process of learning about phenomena; 
• Participate in scientific activities and learning practices with others, using scientific 
language and tools; 
• Think about themselves as science learners and develop an identity as someone who 
knows about, uses, and sometimes contributes to science (Bell et al., 2009, p. 43). 
These statements, described by Bell et al. (2009) as the Strands of Informal Science Learning, 
describe what learners do when they learn science, the behavior and outcomes of science 
learning. Specifically, they describe the skills, attitudes, and habits of mind demonstrated by 
scientifically literate students. These strands also reflect the science process skills, the foundation 
of the scientific inquiry: observation, communication, classification, measurement, inference, 
and prediction. Fenichel and Schweingruber (2010) argued that these strands serve as an 
important resource for guiding the design of informal learning experiences and especially for 
articulating desired outcomes of science learners. Bell et al. (2009) also believed that these 
strands give a valuable insight to science learning that can be used in evaluating the effectiveness 
of informal science learning settings.   
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Throughout these strands, are the elements that learning theorists (Langer, 1997; Mintzes 
et al., 1998; Robinson, 1993) believed were necessary for mindful, meaning-constructing 
learning: interest, engagement, motivation, unconditional learning, multiple contexts, sensitivity 
to distinctions, experiences, questioning, the influence of the learner’s attitude about learning, 
that attitudes/ values are culturally influenced, and the learning power of a learner positively 
identifying himself as a learner. Bell et al. (2009) stated that the first and sixth strand have the 
most influence on science learning. The first strand is the “on ramp” for science learning 
providing a positive attitude about science learning and creating the excitement and motivation 
for science learning through positive experiences. Whereas the sixth strand develops the mindset 
of “being a scientist,” this mindset greatly influences how kids learn science and their 
continuation of science learning (Bell et al., 2009).  
Science education professor, Jeremy Lloyd (Lloyd & Register, 2003), believed that 
learning and teaching science involves more than scientific knowledge. He asserted that there are 
two more dimensions to science that are equally as important as scientific knowledge: the 
processes of science and scientific attitudes. The processes of science are the science process 
skills that scientists use in doing science. Science is about asking questions and seeking to 
answer these questions using some kind of evidence. These are the same skills that we use in our 
everyday lives and that children use to learn about the natural world. The third dimension of 
science is focused upon the attitudes and dispositions of science such as being curious and 
imaginative, being enthusiastic about asking questions, having a sense of wonder, and solving 
problems, and respect for the methods and values of science (Lloyd & Register, 2003). 
Tunnicliffe’s (2000) research with school groups at botanical gardens confirmed the 
importance of informal science learning environments in the development of the affective 
domain and developing scientific literate citizens. She believed that the development of 
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environmental awareness and feeling for the environment is the most valuable aspect of learning 
outside of the classroom. Tunnicliffe (2000) believed that biological specimens on display in 
informal science settings have aesthetic and affective aspects as well as conceptual aspects. She 
insists that these aspects are as important as the factual observations made. Stevenson’s (1991 as 
cited in Tunnicliffe, 2000) research with family groups visiting a science center demonstrated 
that affective memories triggered recall about factual matters in these visitors when they were re-
interviewed six months later (Stevenson, 1991 as cited in Tunnicliffe, 2000).  
Enjoying the ambience and aesthetics as well as the emotional response elicited by 
 exhibits is critically important. Feelings, not facts, are I believe the key to further 
 understanding of biological phenomena and hence to an increase in public understanding 
 in science (a scientifically literate citizenry). If we are to develop and encourage 
 environmentally literate citizens, we need to encourage the affective domain in 
 partnership with the cognitive. If people do not know, appreciate and feel for what is in 
 the environment, which includes living organisms and how these organisms interact with 
 the non-living environment as well as each other, including human kind, how can they 
 feel concerned about conserving it? (Tunnicliffe, 2000, p. 10).    
Environmental psychologists, Michener and Schultz (2002), believed that arboreta and 
botanical gardens are among the most accessible, stimulating, restorative, and rewarding places 
for long-lasting affective experiences related to nature for visitors of all ages. Botanical gardens 
provide restorative environments and experiences that help to relieve visitors’ stress. Restorative 
environments and experiences, commonly called “escapes,” “get-aways,” or “sanctuaries” are 
places or experiences that give us a feeling of “being away” and help reduce stress and mental 
fatigue. Psychological researcher, Kaplan (1995) explained that fascination is a critical 
component of restorative environments and experiences. “The restorative environment or 
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experience must provide enough to see, experience, and think about so that it takes up a 
substantial portion of the available room in your brain” (Kaplan, 1995, p. 149). Activities should 
be compatible and age-appropriate so that adults and children can move through them smoothly 
and without struggle. Therefore, activities should be stimulating to the senses, relevant, easily 
interpreted and without much thought to the process. Kaplan’s (1995) studies have yielded 
anecdotal evidence that strongly suggested most visitors find the restorative qualities of gardens 
and arboreta to be primary reasons for most visits (Kaplan, Kaplan, & Ryan, 1998, as cited in 
Michener & Schultz, 2002).  
 The Strands of Informal Science Learning encompass two of Bloom’s three domains of 
learning, the cognitive domain and the affective domain (Figure 2.3). Bloom’s cognitive domain 
is the most widely known and utilized learning domain in both formal and informal education. It 
involves the development of knowledge and intellectual skills that are categorized in Bloom’s 
Taxonomy. Learning in this domain is demonstrated through behaviors such as the recall of facts, 
procedural patterns, concepts, and the development of intellectual abilities and skills (Anderson 
and Krathwohl, 2001 as cited in Atherton, 2011).  
 The affective domain  (Figure 2.3) involves a learner’s perception of values issues and 
ranges from mere awareness (receiving) to being able to distinguish implicit values through 
analysis. The first and sixth strands engage behaviors described in the affective domain. The first 
strand is the “on ramp” for science learning providing a positive attitude about science learning 
and creating the excitement and motivation for science learning through positive experiences. 
Whereas, the sixth strand develops the mindset of “being a scientist,” this mindset greatly 
influences how kids learn science and their continuation of science learning. Research (Bell et 
al., 2009) indicated that these behaviors have the most influence on science learning. 
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                        Cognitive Domain             Affective Domain 
  Figure 2.3. Bloom’s Taxonomy (Kratwohl, Bloom and Masia, 1964, as cited in Atherton, 2011) 
  (http://www.learningandteaching.info/learning/bloomtax.htmRe) 
According to Fenichel & Schweingruber (2010), from early childhood onward, humans 
develop intuitive ideas or assumptions about the world from their direct experiences with the 
natural world, bringing this prior knowledge to nearly all-learning endeavors. These unconscious 
assumptions, which are sometimes accurate and other times misconceptions, often influence 
behavior and come into play during formal education learning providing an important foundation 
for formal science learning. “Thus, a major implication for thinking about informal science 
learning is that what learners already understand about the world is perhaps as important as what 
one wishes for them to learn” (Fenichel & Schweingruber, 2010, p. 38). In this way, informal 
science learning environments provide direct experiences that provide the foundation that is used 
by the learner as crucial reference points for future scientific learning in formal science learning 
institutes. A learner’s prior knowledge constructed from direct experiences with the natural 
world is also believed by human constructivists to be the most important element in science 
learning and one that is most neglected in formal science education institutes, resulting in science 
learning based on isolated, irrelevant facts that promote rote memorization (Mintzes et al., 1998).  
These direct experiences also guide individuals to reflect on and monitor their thinking. 
As described earlier, this ability to reflect on and monitor one’s thinking, metacognition, is at the 
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core of conceptual change. “Metacognition may have special importance in informal science 
settings, in which learning is self-paced and frequently not facilitated by an expert teacher or 
facilitator” (Fenichel & Schweingruber, 2010, pp 38 -39). 
Early childhood and science education researcher, Karen Worth (2000), posited that 
children are natural scientists, while adults have learned to ignore some of the world rather than 
investigate it, young children ignore very little. When allowed to explore freely, children are 
innately curious, excellent observers, and ask questions constantly. From their everyday 
experiences, young children create theories to explain the world around them. Children observe 
and investigate, collect data, think, reason, and draw conclusions. These direct experiences must 
be concrete and the phenomena and objects must be the ones that they can explore with their 
senses. The theories they build, whether right or wrong, are often logical, rational, and 
transferable across experiences (Worth, 2000). Worth (2000) argued that these theories are very 
scientific as they are firmly based in evidence and experience. She also recognized the 
importance of direct experiences and assessment involving the use of authentic assessment 
methods such as observations and responsive interviews.  
By offering children open-ended experiences and discussion, and by carefully observing 
 and listening, we can come closer to knowing not only what their conceptions are, but the 
 source of their struggle. If we don’t, they may draw a picture of a round world, but not 
 believe or understand what that really means (Worth, 2000, p. 5).  
Children need direct experiences and time to struggle through their ideas in both formal and 
informal settings to help develop tenacious and deep understanding.  
If they are not given these opportunities, they may learn the words and information they 
 need for a test. But they may come to believe that there is something called ‘science,’ in 
 which they are told what to see, what to know, and what to think, and that it is rather 
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 unrelated to the world that they experience outside of school. They may also come to the 
 conclusion that there is a whole realm of knowledge that they themselves cannot 
 understand, and that they must simply take, unquestioned and not understood, the facts 
 given from an adult or a textbook (Worth, 2000, pp. 6 - 7).   
Children in informal settings, such as museums and gardens, are involved in 
spontaneously driven activities to make sense of the world through observation, investigation, 
and social interaction (Worth, 2000). However, children working by themselves are not going to 
learn everything in these self-regulated environments and their self-constructed meanings may 
develop misconceptions (Worth, 2000). These environments do not replace a formal science 
institution, instead these settings complement formal science education by providing direct 
concrete experiences with the natural world that are rich in natural phenomena and stimulate the 
senses. Worth (2000) believed that through these direct experiences learners are able to develop 
tenacious and deep understandings of scientific phenomena that are the foundation of their future 
scientific learning. Learners also develop a culture of science in these settings using the tools, 
processes, and words of scientists; they develop a positive attitude towards science and the 
natural world that will lead them on a lifelong, life-wide, and life-deep journey of science 
learning (Bell et al., 2009).  
Bell et al. (2009) presented that engagement in informal science settings creates the 
opportunity for learners to experience a range of positive feelings and to attend to and find 
meaning in relation to what they are learning. Recent research (Fenichel & Schweingruber, 
2010), on the relationship between the affective domain and learning shows the emotions 
associated with interest are a major factor in thinking and learning, helping people learn as well 
as helping with what is retained and how long it is remembered. 
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2.8 Importance of Direct Experiences in Nature for Preventing Plant Blindness 
The cliché, “Stop and smell the roses,” reminds people to slow down and enjoy their 
surroundings. How ironic that people use a plant to suggest that we are missing the pleasures of 
life. When that is exactly what they are doing, overlooking the most important organism. In an 
article on the Human Flower Project, Wandersee & Cleary (2006) asked us to take time to not 
only “smell” a flower but to truly see a flower,  
So, have you seen a flower…truly seen a flower? Have you studied the plant when its 
 flowers have fallen and it is not in bloom? Have you raised it from seed and met its 
 requirements for growth and flowering? Have you viewed that flower through the lenses 
 of its structure, its changes across geologic time, its environmental stresses? (Wandersee 
 & Cleary, 2006). 
All of these questions allude to a current trend in America, people are spending less time 
outdoors, missing out on the primary experiences with nature that build a love, appreciation, and 
stewardship towards the natural environment. Richard Louv (2008); quoting an engineer turned 
science educator asked this question, “Can we teach children to look at a flower and see all the 
things it represents: its beauty, the health of an ecosystem, and potential for healing?” (Rick as 
quoted in Louv, 2008, pp. 136- 137). Louv (2008) argued that we couldn’t teach children to have 
a deep appreciation of nature and in this case, a flower, without a connection with nature that is 
built through primary experiences with and in nature. Primary experiences are experiences that 
invigorate all of our senses, where we can see, feel, taste, hear, or smell for ourselves (Louv, 
2008).  
Louv (2008), quoting Moore, an expert in the design of play, learning, and educational 
environments, warned that these real-world primary experiences were being replaced by the 
secondary vicarious, often distorted, dual sensory (vision and sound only), one-way experience 
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of television and other electronic media. According to Moore direct experiences in nature are 
essential to the healthy growth of both the physical and mental aspect of a child (Louv, 2008). 
 Children live through their senses. Sensory experiences link the child’s exterior world 
 with their interior, hidden, affective world. Since the natural environment is the principal 
 source of sensory stimulation, freedom to explore and play with the outdoor environment 
 through the senses in their own space and time is essential for healthy development of an 
 interior life….The content of the environment is a critical factor in this process. A rich, 
 open environment will continuously present alternative choices for creative engagement. 
 A rigid, bland environment will limit healthy growth and development of the individual 
 or group (Moore, as cited by Louv, 2008, p. 66). 
 Social ecologist Stephen R. Kellert (2002, as cited in Tai et al., 2006) proposed that there 
are three kinds of contact with nature: 
• Direct, physical contact, free of human controls. This could be exploring pristine natural 
environments like national parks or untouched forested areas at the edges of 
neighborhoods. 
• Indirect contact, which is the product of human manipulation. This could be a visit to 
institutions such as zoos, museums, arboreta, and gardens. 
• Vicarious or symbolic experience, with the absence of actual contact with nature. This 
could consist of watching a nature program on television or reading a book, magazine, or 
Web site. (Kellert as cited in Tai et al., 2006, p. 11). 
According to landscape architects and researchers Tai, Hague, McLellan, and Knight 
(2006), scientists have drawn impressive correlations between direct contact with nature during 
childhood and all aspects of development: mental, physical, and emotional. “The richness of the 
natural experiences during childhood even seems to impact and shape values that form life-long 
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behavioral patterns. It may also determine the course of one’s adult life goals and ambitions” 
(Tai et al., 2006, p. 10).  
Tai et al. (2006) also tell us that there is strong evidence that nature, with its constantly 
changing, evolving, and growing abilities, increases intelligence. This belief is consistent with 
the findings that dynamics and novelty in subject matter increase learning of the subject and the 
learner’s ability to learn found in Langer’s cognitive research on mindful learning. According to 
Dannenmaier (Dannenmaier, 1998, as cited in Tai et al., 2006), neural connections in the brain 
increase and become more complex when dynamic environments, such as those provided in 
nature surround people. In contrast, children deprived of rich environments tend to lack energy, 
and are often more prone to violent behavior. These researchers believe that due to the dramatic 
increase in symbolic experience as opposed to direct, physical experience in many childhoods 
today, fewer children are experiencing this complex, enriching cognitive development.  
The Council of Environmental Education (2010) in their Growing Up Wild curriculum 
also contended that children in the early childhood years learn primarily through their senses and 
from direct experiences. Children develop an understanding about the world through play, 
exploration, creative activities, and by watching and imitating adults and other children. This 
kind of play, especially nature play, is important for a child’s healthy development. Play in the 
natural world beckons children to invent, explore, and try different things. Open-ended play in 
natural settings or with natural objects enhances curiosity and triggers imagination (Council of 
Environmental Education, 2010)       
Louv (2008) also advocated this type of natural play, calling it “dreamtime” in nature, a 
time to be alone, to pretend, build things, to find out how things work, and construct meaning 
about the world. He insisted that children need adults who understand the relationship between 
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boredom and creativity, and adults willing to spend time in nature with kids, adults willing to set 
the stage so that kids can create their own play and enter nature through their own imaginations.  
The first point of entry into these direct experiences is in a child’s backyard and later in 
adjacent natural areas. Louv (2008) also believed that these direct primary experiences are 
necessary to excite the senses and provide an understanding of real-world phenomena.  
Despite this need for free play and exploration in the natural world, there is a trend in 
America that children are spending less and less time outside. Louv (2008) has documented a 
condition, which he refers to as Nature Deficit Disorder. He described Nature Deficit Disorder 
(NDD) as the human costs of alienation from nature, among them, diminished use of the senses, 
attention difficulties, and higher rates of physical and emotional illnesses. Louv (2008, 
Wikipedia, 2010) cited the following causes and effects of NDD:    
• Parents are keeping children indoors in order to keep them safe from danger. Richard 
Louv believes we may be protecting children to such an extent that it has become a 
problem and disrupts the child's ability to connect to nature. The parent’s growing fear of 
“stranger danger” that is heavily fueled by the media, keeps children indoors and on the 
computer rather than outdoors exploring. Louv believes this may be the leading cause in 
nature deficit disorder as parents have a large amount of control and influence in their 
children’s lives. 
• Loss of natural surroundings in a child’s neighborhood and city due to urban span. The 
“rough fringes” of our neighborhoods are most children’s entry point into nature and their 
first experiences with natural phenomena. However, with the population almost doubling 
in the last century, urban span has absorbed these natural places.   
• Strict rules and laws to protect nature that stifle children’s inherent curiosity and 
exploration of nature. Many parks, nature preserves, etc. have restricted access and “do 
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not walk off the trail” signs. Environmentalists and informal and formal educators add to 
the restriction telling children "look don't touch." While they are protecting the natural 
environment Louv (2008), questions the cost of that protection on our children’s 
relationship with nature. 
• Increased draw to spend more time inside that Louv calls, “A move from “biophilia” (our 
inherit love for nature) to “videophilia,” which he describes as a shift from loving streams 
to loving screens (Louv, 2008, p. 148). With the advent of the computer, video games and 
television children have more and more reasons to stay inside, “The average American 
child spends 44 hours a week with electronic media.”  Perhaps this quote from a fourth 
grade boy says it best, “I like to play indoors better; ‘cause that’s where all the electrical 
outlets are” (Paul as quoted in Louv, 2008, p. 10). 
• “Time poverty” results from the current belief that good parents equip their children with 
every possible skill and aptitude. Parents’ best intentions to do what is best for their 
children by enrolling them in multitudes of lessons and sports, then working more to 
afford these “perceived necessities” for their children view time in nature as leisure time 
and with their busy schedule this is the time that is often cut out of their busy schedules. 
Louv challenges us to look at time in nature differently, “Time in nature is not leisure 
time; it’s an essential investment in our children’s health” (Louv, 2008. p. 120). 
 Louv (2008) warned that when children lacked primary experiences with nature that their 
physical and mental health would be adversely affected. First, children would have limited 
interest in and give limited attention and respect to their immediate natural surroundings. This 
effect has been noted in the Wandersee’s and Schussler’s (1999) plant blindness theory. This 
effect is compounded by classrooms devoid of nature presenting the only exposure to nature as 
examples of environmental abuse and natural disasters. As a result children associate nature with 
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fear and the death of our planet. A conditioned described by Sobel (1996) as ecophobia. 
Furthermore, this lack of interest in and fear of nature has also contributed scientific literacy and 
a lack of interest in the scientific profession.  
 If education and other forces, intentionally or unintentionally, continue to push the young 
 away from direct experience in nature, the cost to science itself will be high. Most 
 scientists today began their careers as children chasing bugs and snakes, collecting 
 spiders, and feeling awe in the presence of nature. Since such untidy activities are fast 
 disappearing, how then, will our future scientists learn about nature? Nobody even knows 
 that this wisdom about our world has been driven from our students (Dayton, as quoted in 
 Louv, 2008, pp.144-145). 
 Growing along side this trend is the childhood obesity problem. Research (Louv, 2008) 
proven that children who do not play outside exercise less than children who do play outside 
(Louv, 2008, p. 47- 48). Research also supported (Louv, 2008) that the widespread attention 
disorders and depression in American children may be related to their lack of nature-time. The 
number of American pre-school children prescribed anti-depressants has almost doubled in five 
years. Louv (2008) believed that providing children with quiet and calm nature-time on a regular 
basis could help these problems greatly. 
 Louv (2008) saw the test-based education reform that became dominant in the late 1990s 
as part of the problem. He believed that children’s classrooms have been industrialized to the 
extent that there is no room for nature in the curriculum. Students today study nature through the 
mechanized, dual sensory world of a computer or television screen never experiencing the sights, 
sounds, smells, and tastes of nature. Louv (2008) called for a new reform in education where 
children study nature in their own backyards or schoolyards, through the understanding that they 
build while directly witnessing natural phenomena they can eventually understand more abstract 
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and distant concepts. 
On the other hand, environmental scientist, Kahn (2002) through five studies has found 
that children do have rich and varied conceptions and values of the natural world, even children 
in urban environments. However, the steady degradation of the environment has destroyed the 
source of children’s constructions. “People accept the natural environment they encounter during 
their childhood as the norm against which they measure environmental degradation later in their 
life. With each ensuing generation, the amount of environmental degradation increases, but each 
generation takes that degraded condition as the non-degraded condition, as the normal 
experience” (Kahn, 2002, p. 113). Kahn (2002) referred to this phenomenon as environmental 
generational amnesia.   
Kahn’s (2002) beliefs are consistent with Louv’s (2008) belief that daily, positive 
experiences with nature are the impetus for environmental stewardship. Children should engage 
in constructive environmental education to maximize their exploration of and interaction with 
nature (Kahn, 2002). Kahn (2002) believed that it is essential for children to experience pristine 
nature to develop a baseline of ecological health from which children (and societies at large) can 
use to compare present and future environmental conditions.   
2.9 “No Child Left Inside” Act 
 The “No Child Left Inside” Act (NCLI) was developed based on the research described 
in Louv’s (2008) book, Last Child in the Woods: Saving Our Children from Nature-Deficit 
Disorder. In his book, Louv (2008) linked children’s disconnect with nature to the lack of 
“outdoor” experiences with nature. The NCLI Act also acknowledged the need for a connection 
with nature to develop environmental stewardship in our children and a need for an integrated 
(personal, ecological, economic, social, & cultural) holistic approach to teaching environmental 
education to produce environmentally literate citizens who have the knowledge and capabilities 
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to produce viable solutions for the environmental crisis they will face in the future (North 
American Association for Environmental Education, 2008). 
The NCLI Act amends the Elementary and Secondary Education Act of 1965 (The No 
Child Left Behind Act was also an amendment to this act.) It required that each state develop an 
Environmental Literacy Plan in order to receive implementation grants. This plan must be 
approved by the Secretary of Education and must include professional development for teachers 
(Pre K – 12) in environmental education (EE) and improvements to environmental education 
curricula including EE standards (Congressional Research Services, 2008).  
The Environmental Literacy Plan allows the state to allocate funds to partner entities such 
as higher education and other education entities, environmental agencies, recreation and parks 
that teach environmental education (EE) through a competitive grant program. The Secretary of 
Education is authorized to fund grants that help to improve and implement EE curricula and 
standards, provide “outdoor” learning, teacher professional development, and provide models of 
vigorous EE curricula practices (Congressional Research Services, 2008). 
2.10 Botanical Gardens Role in Preventing Plant Blindness 
“Over the last century, our population grew from about 90 million to 300 million people, 
and as it did, we lost more and more of our natural landscape to development” (President 
Obama’s address to launch the Great American Outdoors Initiative, 2010). This urban sprawl 
continues and has absorbed most of what Louv (2008) described as the ‘rough fringes’ of 
neighborhoods across our country, leaving our children little room to directly experience nature 
play, natural phenomena, and develop a connection with nature. Urban sprawl was defined as the 
wide spread of development across landscape that far outpaces population growth (Tai et al., 
2006). These researchers described urban sprawl as an isolating force that hinders the 
development of a sense of community and negatively impacts childhood development: 
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emotional, moral, mental, and physical. This force developed larger schools that are outside of 
neighborhoods and busy streets and highways that are unfriendly to walking and bike riding 
forcing children to be bused or driven to schools. With this trend, we have seen a growth in 
childhood obesity, depression, attention deficit hyperactivity disorder (ADHD), and scientific 
illiteracy (Tai et al., 2006).   
Alongside this growing trend in urbanization, America has seen an increase in what Louv 
(2008) referred to as “stranger danger,” for fear that their children will be abducted parents 
encourage their children to stay inside. Inside, many children find the growing allure of 
technology pulling them further inside and away from physical activity and nature. These 
factors, along with others, have contributed to a growing disconnect with nature in children that 
Louv (2008) has named Nature Deficit Disorder (NDD). It is also believed to cause problems for 
the physical, mental, and emotional wellbeing of our children (Louv, 2008). Research (Fishman, 
1999; Orr, 2002, as cited in Tai et al., 2006) estimated that physical activity by children had 
decreased by 75% in the 20th century. These studies indicated a growing negative trend in 
American children’s time spent outdoors, showing that in 1981 children spent 86 minutes a day 
outdoors, but by 1997 the time children spent outdoors decreased by half to 42 minutes a day, 
there is evidence that this trend is still growing in a negative direction (Tai et al., 2006).  
According to the Center for Disease Control and Prevention, 15% of children ages 6 to 19 
are obese or overweight as are 1 in 10 two- to five-year old children (Tai et al., 2006). Numerous 
studies indicated that nature also has a calming affect on children, indicating the importance of 
nature experiences for children suffering from ADHD, a leading cause of academic failure and 
high school dropout. It is estimated that 8% American children ages 3 to 17 suffer from ADHD 
(Tai et al., 2006).  
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During this same century, we have seen an increased rate in scientific illiteracy and the 
development of plant blindness (Louv, 2008; Uno, 2009; Wandersee & Schussler, 1999). Both 
early childhood and cognitive research (Langer, 1997; Sharpiro, 2010; Worth, 2000) reported 
that the prior knowledge and positive attitudes that children construct from early direct 
experiences are the foundation to meaningful learning, life-long learning, and environmental 
stewardship.  
Lohr and Pearson (2002), quoting environmental science education research, reported 
that educators have long realized the importance of experiential education for children. “Nature 
education and outdoor experiences help children gain a respect for living things, stimulate their 
curiosity, and provide them with meaningful life experiences that may influence positive adult 
responses to nature” (Bullock 1994; Cooper & Marcus, 1992 as cited in Lohr & Pearson-Mims, 
2002, p. 267). 
Louv (2008) stressed that direct experiences with nature were essential for a child’s 
healthy physical and emotional development and for the health of our planet. He warned of the 
emotional and physical consequences our children will experience as a result of being the first 
generation raised without meaningful contact with the natural world. He has compiled a body of 
evidence from cognitive, health, and psychological research that linked the lack of nature in 
children’s lives with the rise in obesity, attention disorders, depression, and a disregard for the 
environment.  
Without direct or primary experiences with nature, children do not build a foundation of 
scientific phenomena that can be used as a reference in future scientific learning. They soon 
become disinterested in and afraid of both science and nature, believing that science is a subject 
that is beyond their abilities and that nature is a dark and evil place that is not worth saving. This 
body of research (Lohr & Pearson-Mims, 2002; Louv, 2008) indicated that a disconnection with 
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the natural world contributed to scientific and botanical illiteracy and a lack of respect and 
disinterest in the natural world.  
The American Horticultural Society (AHS, 2010) also recognized the great need for 
direct experiences in nature to reconnect children with nature and bring back an awareness of 
plants. They created the first Children & Youth Garden Symposium in 1993 and conduct this 
symposium annually. The purpose of these symposia is to educate and inspire botanic garden 
personnel, designers, and educators as well as formal education educators to see garden design in 
a different light: gardens designed specifically to provide direct experiences in nature that would 
reconnect children with nature.  
The AHS (2010) believed that these gardens should be designed for the way children 
play, explore, and interact with nature. “Children’s gardens replace the free exploration of and 
free play in the natural world that no longer occurs in today’s era of television, video games, and 
concern over safety” (http://www.ahs.org/youth_gardening/index.htm).  
In the last ten years, the AHS (2010) has noticed that children’s gardens have become the 
strongest trend in gardening. “Since this date thousands of children’s gardens have been created 
all over the world” (http://www.ahs.org/youth_gardening/index.htm). They attributed this growth 
in children’s gardens to the fact that these gardens provide many inter-generational opportunities 
that benefit children in the following ways: helping children develop social skills, enhancing 
school curricula, bringing families together, and an awareness of the link between nature 
(particularly plants), our food, clothing, and shelter (AHS, 2010).   
However, the AHS (2010) was not the first to recognize a need to establish special places 
where children can experience nature. European psychologists and educators first recognized this 
need during their Industrial Revolution (Tai et al., 2006). This period in European history was 
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characterized by great urban growth and a mass migration of people from the country to the city, 
much like the U. S. has witnessed in the last century (Tai et al., 2006).  
As cities grew, they consumed the surrounding natural land leaving little opportunity for 
children to experience nature. Psychologists of this time held the belief that this absence of 
nature in their children’s lives would have physical, mental, and moral consequences for the 
children. This belief was so strong that it influenced the themes of children’s literature of the 
time.  Two classic novels written during this period, Heidi and The Secret Garden, painted a 
picture to the reader of how a deprivation of nature causes children to be depressed and ill and 
how a reconnection with nature and gardens have healing powers on the children (Tai et al., 
2006).  
This belief, “direct experiences in nature are vital for healthy development of children,” 
(Tai et al., 2006) also inspired the creation of the first kindergarten by Friedrich Froebel in 1837. 
The literal interpretation of kindergarten is “Garden of Children.” These schools were developed 
to provide children with play spaces that mimicked the country life, providing integrated 
experiences and play with plants, animals, and building materials (Tai et al., 2006).  
In these environments, children experienced the natural world through nature play under 
the guidance of a knowledgeable adult. These first kindergartens could be called the first 
children’s gardens with their similar origins, purposes, structures, and philosophies as the 
children’s gardens around the world today. The children’s gardens we have today, like the first 
European kindergartens, provide a safe haven where children can experience free play, 
exploration, and discovery in nature under the watch of their parents or guardians (Tai et al., 
2006). Also, many children’s gardens are secured with fencing and have only one access point 
that serves both as an entrance and an exit to the garden and are patrolled by a security guard. 
These security measures provide assurance to parents that their children can experience the 
70
garden without danger; therefore, parents are more willing to allow their children to play and 
explore while they watch from a distance. Louv (2008) believed that leaving children alone to 
develop imaginative nature play is important for their development of independence, creativity, 
and a reconnection with nature. 
Landscape architect Susan Wake (2007) described botanical gardens as human-
constructed interpretations of nature that are part of the built environment. She also 
acknowledged the essential importance of nature interactions to children’s physical and 
emotional well-being and in development of environmental sensitivity in children. She was 
concerned with the diminishing opportunities of these experiences for children as their 
immediate worlds are urbanized but views children’s gardens as a positive effort to re-connect 
urban children with the natural environment including plants (Wake, 2007). “Children’s 
gardens…represent an important effort to connect nature-deprived urban children with plants and 
the natural environment” (Wake, 2007, p. 443). Landscape architects Tai, Hague, McLellan, and 
Knight (2006) also share this belief.  
When nature no longer occurs naturally in childhood, it is imperative that parents, 
 educators, designers, planners, policy makers, and others work to provide ample 
 opportunities for children to explore nature and develop that innate bond. Current trends 
 toward providing nature-based experiences-such as gardens, parks, restoration habitats, 
 and a variety of environmental education opportunities for children- are enthusiastic, 
 innovative, and widespread (Tai et al., 2006, p. 2).  
These garden designers believed that it is through a partnership between these supportive adults 
and eager children in the creation of nature-rich spaces that people’s inherent bond with nature 
will be reestablished.  
These green spaces can vary from an undeveloped green space in the fringes of  
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neighborhoods to the creation of dynamic fully staffed public botanical gardens equipped 
with children’s gardens. In these environments, rich with the natural phenomena that appeal to 
diverse backgrounds and age groups, scientific literacy and the values for life-long learning and 
environmental stewardship will be nurtured in both children and adults (Tai et al., 2006). 
2.11 Child’s Perspective in Children’s Garden Design 
These researchers (Tai et al., 2006) insisted that “simply green” is not enough for the 
design of children’s gardens. They believed that designing children’s gardens involves more than 
knowledge of landscape design, the special developmental needs of children should drive the 
design. For this reason, they asserted that the stakeholders (children that will use the garden, 
parents, and botanic garden educators) should be involved in the design and evaluation of 
children’s gardens (Tai et al., 2006). 
 The stakeholders’ ideas should define and refine the components, structures, and goals of 
the garden (White and Vicki, 1998, as cited in Tai et. al., 2006). According to landscape 
architect, Cindy Tyler, “The designer’s job is to listen to the stakeholders and translate their 
vision into a successful, buildable design, one with both magic and substance” (Tyler in cited by 
Tai et al., 2006, p. 82).   
 Landscape Architect Susan Wake (2007) described a rethinking for children and 
childhood that has occurred since the post-modern area beginning in the 1990s that has 
implications for the children’s garden design. Children are now viewed as strong, empowered, 
and full of potential rights-holding members of society and childhood as a state of being rather 
than becoming (Wake, 2007).  
 This paradigm, echoing the beliefs of human constructivism (Mintzes et al., 1998) and  
Langer’s (1997) meaningful learning paradigms (children as meaning-makers in control of their 
learning experiences, children are the best designers of their own spaces), has helped set the 
72
scene for fostering children’s active participation in policy and practice of matters affecting them 
(Hallett and Prout, 2003 as cited by Wake, 2007). Wake (2007) described a shift in both research 
and practice towards more meaningful participatory methods with children in the planning of 
events and participatory structures. This shift is described in the following statements. 
• Children are positioned as competent commentators on the details of their everyday lives 
(Clark and Moss, 2005, p. 6 as cited by Wake, 2007, p. 443) and have their own 
activities, agendas, and spaces (Mayall, 2002; Waller, 2006; as cited by Wake, 2007, p. 
443). 
• Children are positioned as skillful communicators (Waller, 2006, as cited by Wake, 2007, 
p. 444). Malaguzzi coined the phrase “the hundreds of languages of children,” referring 
to the many ways children communicate using all senses (Edwards et al., 1993, as cited 
by Wake, 2007, p. 444). 
• Children are positioned as part of society, not only part of a family, and may have 
separate interests (Dahlberg et al, 1999, as cited by Wake, 2007, p. 444); their citizenship 
needs to be recognized (Prout, 2003, as cited by Wake, 2007, p. 444). 
• Children have rights to participate under Article 21.1of UNCRC (UNHCHR, 1989, as 
cited by Wake, 2007, p. 444). 
• Children are positioned as “meaning-makers” – active participants in their own learning” 
(Waller, 2006, p. 8 as cited in Wake, 2007). 
These statements illustrate the necessity for children’s participation in the design of outdoor  
environments for their use and enjoyment (Wake, 2007). 
Historically, children have been neglected in both the children’s garden design process 
and qualitative studies (Holmes, 1998; Wake, 2007; Tai et al., 2006). Research in both fields 
connected this trend to the belief of American society that children’s social and cultural worlds 
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are imperfect in comparison to the adult world that they eventually enter and are viewed as 
unimportant (Holmes, 1998; Wake, 2007). Wave referred to this notion as seeing childhood as a 
state of “becoming” rather than “being” (Wake, 2007). Wake believed that developing a working 
understanding of each children’s garden stakeholder’s perspective, particularly the children’s 
perspective was imperative for creating the best outdoor learning environments possible for 
children. 
Landscape architects Tai et al. (2006) maintained that children are the most important 
members on the children’s garden design team through front-end and formative assessments; 
they insisted that children’s ideas should define the elements, structure, and goals of the garden. 
Wake (2007) advocated for proactive participatory methods using genuine consultation of local 
children in the design of their children’s gardens. She argued that despite widely shared belief 
that meaningful participation from children is invaluable to children’s garden design, that adult 
agendas still dominate the design process of these gardens. “Children’s gardens are commonly 
designed for children rather than with children” (Wake, 2007, p. 442). Wake (2007), during a 
study of children’s gardens in the United States detected what she calls a “professional divide” 
among children’s garden protagonists over what these gardens should or should not do, have, or 
represent (Wake, 2006, as cited by Wake, 2007).  
 Wake (2007) believed that these adult-led issues have impacts on the children attending 
these gardens. She cited an example of these conflicts as “disputes over whether or not children’s 
gardens should be exclusive to learning about plants, or allow children to immerse themselves in 
water play” (Wake, 2007, p. 442). She argued that these views come from the lens of adulthood 
rather than childhood. These adulthood views are also reflected in the mission statements of 
children’s gardens in the United States where adults choose the elements that work best for 
children many times neglecting the children’s own perspective. 
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 The following children’s gardens goals statements illustrate the two philosophies that 
Wake (2007) described as a “professional divide” between garden protagonists. “Inviting 
youngsters to enter and explore, the Children’s Garden opens up endless pathways to discovery. 
The Children’s Garden provides young visitors, primarily ages two to seven, with hands-on 
experiences that demonstrate scientific principles related to earth, fire, air, and water” 
(Huntington Library, Art Collections, and Botanical Gardens, n.d.). 
 This adventure-themed children’s garden mission statement reflects an adulthood view 
involving the Ancient Greek teachings of the four primary elements: earth, fire, air, and water. 
These elements refer to ancient beliefs inspired by natural observations of the phases of matter 
(Shier, 1984). Traces of these ancient beliefs are also referred to in the definition of adventure 
gardens and found in many children’s garden mission statements. Adventure gardens are defined 
as places where children can explore the natural materials including earth, water, fire, wood, 
plants, and animals with minimum supervision from adults (Tai et al., 2006). 
 On the other side of this professional divide, the following adventure-themed children’s 
garden goals statements have more emphasis on inspiring curiosity and wonder about plants. “To 
promote an understanding of plants and the role they play in our environment and our daily lives; 
to nurture the wonder in a child’s imagination and curiosity; and to provide a place for the 
enrichment and delight of all children” (Maziak, 2005, as cited in Tai et al., 2006). “. . . Designed 
for children ages 5-12, in family and school programs to learn about plant science. The 
programmatic goal is to teach and help children understand that plants have the life processes, 
plants have life requirements, and plants and their environments are always changing” 
(Eberbach, 2001, as cited in Tai et al., 2008, p. 259). The emphasis of these gardens’ goals is on 
plants in a garden-like setting with small theme or specialty gardens that relate to children, as 
opposed to an ‘adventure playground’ with some plantings (Tai et al., 2006). The mission 
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statements from these three adventure-themed children’s gardens help to illustrate the 
“professional divide” (Wake, 2007) between children’s garden designers and the influence of the 
adult perception on “what works for children” in children’s garden designs.  
 Wake (2007), giving another reason to elicit the “child’s voice” about these gardens, 
cautioned that seeing garden design from an adulthood lens is very different than seeing it from a 
childhood lens. For example, children’s idea of space, play, and what they like to do is very 
different than what adults think children actually like. “Children prefer to claim their own spaces 
and determine their own activities within these [spaces] rather than conform to adult designed 
sites of play” (Thomson & Philo, 2004, as cited in Wake, 2007, p. 443). Research also showed 
that play for children can equate to “being rather than doing” (Thomson & Philo, 2004, as cited 
in Wake, 2007, p. 443), suggesting that children sometimes like to just sit or socialize in these 
spaces. Through these examples of how children’s perception of space and play differs from 
adults’ perception of play and space, these researchers demonstrated the importance of the use of 
a “child’s voice” in the design of these gardens.     
 Wake (2007) argued that when children’s participation was nonexistent, marginal, or 
involved tokenism, adult ideas of spaces and play dominated the design of the children’s garden. 
These gardens resulted in spaces, elements, and rules that made the garden undesirable and 
inaccessible to children. Wake (2007) illustrated this problem with an example of a garden 
fulfilling its mission statement of “exemplifying a premiere display garden with a focus on 
Renaissance grandeur” by filling a children’s garden with grotesque decorations that frightened 
children, such as gargoyles. In another garden she visited, the lack of children’s consultation led 
to large bronze statues of dragons, which attracted the children, however, the garden rules would 
not allow the children to climb on them. As a result, children visiting the garden would leave 
frustrated and disappointed.   
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 Landscape architect Cindy Tyler (2010), in a presentation at the 2010 AHS Children and 
Youth Garden Symposium, told a similar scenario of a children’s garden where the garden was 
“designed for children, but not with children.” When consulted to find out why a children’s 
garden was not being used, she discovered through children and parent observations and 
interviews that the garden spaces, hedged by large beautiful natural rock walls, were considered 
unsafe and lacked the details that interest children (Tyler & Rigby, 2010). These garden 
examples illustrated the problems that resulted when the children’s perspective was neglected 
and adult ideas and agendas dominated children’s garden design. This practice sometimes 
resulted in children’s gardens that were impracticable for children.   
 This research (Wake, 2007; Tyler & Rigby, 2010) supported the belief that children’s 
insights are often neglected and used marginally, sometimes to the point of “tokenism,” in the 
development of children’s gardens. This research also indicated that there is a great need for 
research in eliciting children’s perspective on these gardens.  
 There was very little qualitative research on children’s gardens in which the children 
discuss their feelings and experiences in these gardens. Youth voice or child’s voice was 
described by Camino (2005) as the involvement of youth in decisions, problem solving, and 
program planning. In her research with youth engagement in community building through 
service learning projects, she cited the positive effects of involving youth in decision-making 
processes, such as increased engagement and ownership.  
 Learning theorist, Langer (1997), in her mindful learning theory stressed the importance 
making information relevant by giving children of all ages more control of their learning 
(Langer, 1997). Robinson (1993) also believed that the learner should be more in control of his 
or her learning, insisting that it is the learner who knows best how he or she learns. Collectively, 
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these cognitive researchers provided further support for using the child’s voice and involving 
children in meaningful ways in children’s garden design.  
 Three separate dissertations on children’s gardens, similar in purpose to this study, have 
recommended further research on the children’s perspective of these gardens, particularly using 
the rich data obtained from qualitative methods of research (M. Miller, 2005; A. Miller, 2010; 
Eberbach, 2009). Edberbach (2009) in her results section acknowledged the richness qualitative 
methods add to a study of these gardens.  
 We should remain mindful about the richness and integrity of data sources that reflect 
 real participation and engagement in informal learning environments and avoid placing 
 too much emphasis on pre- and post tests . . .parent-child discussions during shared 
 observations of pollination activity in the garden proved to be a rich resource for 
 understanding some of the mechanisms that support children’s development as scientific 
 observers (Edberbach, 2009, p. 97).  
 Ashley Miller (2010) and Mark Miller (2005) acknowledged that the there was a need to 
gather children’s interview data on the effectiveness of garden elements. “Another gap in this 
research was the lack of child interviews to gather data about what are the most successful 
children’s garden elements. To address this, future researchers could utilize the photo 
documentation of elements from this thesis in a children’s garden design game” (A. Miller, 2010, 
p. 93). Mark Miller (2005) stated that there has been a lack of research to pinpoint exactly which 
features children’s garden stakeholders (garden education staff, parents and children) think are 
important. These research recommendations further established the need for determining the 
child’s perspective on the effectiveness of children’s garden participatory features.   
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2.12 Developmental Needs of Children 
Tai et al. (2006) believed that children’s gardens should first; provide a secure setting for 
children to experience self-directed, make-believe play, exploration, and discovery with wildlife. 
“A child’s safety, stimulation, and development are crucial principles in designing these special 
garden spaces” (Tai et al., 2006, p. 24). They believed garden features that stimulate a child’s 
senses and natural sense of wonder should be interwoven into these gardens. “Such gardens are 
not only educational and fun, but instill in children a love of nature that will grow into 
stewardship and environmental sensitivity” (Tai et al., p. 24, 2006). 
2.12.1 Safety 
 Children’s gardens, today more than ever before, should provide a safe, secure setting for 
children to experience self-directed, make-believe play, exploration, and discovery with wildlife. 
Richard Louv (2008) found through his research with families that stranger danger was the 
number one cause that many children were experiencing Nature Deficit Disorder. Children 
garden designers have provided security in their gardens to assure parents that their children 
were safe from strangers (Tai et al., 2006). A fence enclosed many children’s adventure gardens 
for this reason. Some children’s gardens also had a security guard that monitors activities in the 
garden. “A design cannot be masterful without meeting the safety needs of children, yet issues of 
safety and liability cannot overshadow the various desires and needs of the child. The two are not 
exclusive, and when used successfully in cooperation with one another, provide the best spaces 
children can have to further their development, happiness, and health” (Tai et al., 2006, p. 25). 
2.12.2 Sensory Experience 
 Since a child’s world is lived through their senses, children’s gardens should excite all 
five senses, and whenever possible, bring wildlife into a child’s world (Moore, 1997 as cited in 
Tai et al., 2006). According to Tai et al., (2006), gardens that appeal to the senses provide many 
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opportunities for discovery for children, an essential element of childhood that grows into 
stewardship and environmental sensitivity.  
2.12.3 Retreat Enclosures 
 Children’s creativity was stimulated and thrived in natural environments that provided 
hidden places for what Louv (2008) described as “dreamtime” play. Tai et al. (2006) also 
believed that children need these types of natural enclosures, describing these hidden places as 
retreats, they insisted: “Just as adults need private spaces in which to relax and escape, children 
must also have a retreat. Gardens are wonderful, safe spaces to fulfill this need” (Tai et al., 2006, 
p. 27). Children naturally searched for enclosures in which to retreat.  
 Children need places where they feel safe and can think and play privately, away from 
 the constant supervision of adults. This is essential to the development of a sense of 
 autonomy, and gives children a place for creative play. Spaces for enclosure should be 
 situated within a safe environment so adults can remain nearby and assure the safety of 
 the child, without invading their private space (Dannenmair, 1998 as cited by Tai et al., 
 2006, p. 27).  
These spaces may be built structures, such as houses and caves, a natural environment in the 
garden, or private areas constructed with plants, such as sunflower rooms, arbors covered with 
vines, or areas enclosed by weeping trees (Tai et al., 2006). 
2.12.4 Scale     
     Another important element in the design of children’s garden was scale. Successful children’s 
gardens were designed to a child’s scale or size and designed with many details at a child’s level. 
Children were most intrigued by the miniscule details that make objects novel, a belief that was 
also shared by cognitive theorists (Langer, 1997; Nabhan, 1994, as cited in Tai et al., 2006). 
However, since adults accompanied the children in these gardens, children’s garden also 
80
provided a place where adults can “fit” (Tyler and Rigby, 2010). Elements in the garden should 
also appeal and stimulate learning for the adults that accompany children. In this way, the 
children’s gardens inspired life-long learning for visitors of all ages. Centrally located adult 
seating areas allowed parents to watch their children from a safe distance, providing children 
with space for imaginative play.  
2.12.5 Play 
  Tai et al. (2006) believed that imaginative play is one of the most important exercises of 
childhood. They believed play had several important roles beyond recreation. They separated 
play into active play and creative play. Successful children’s gardens provided opportunities for 
both active play and creative play. Active play developed motor skills and physical health and 
was a necessary element for healthy childhood development. These gardens allowed children to 
develop their motor skills and confidence in an unthreatening, self-regulated environment. The 
design of the garden motivated physical activity and were versatile enough to meet children’s 
varied physical needs and skill levels (Tai et al., 2006).  
 Successful children’s gardens provided experiences that stimulated and nurtured 
imaginative play. A natural environment provided endless stimulation for imaginative play with 
the changes of seasons and life stages and growth of plants (Tyler & Rigby, 2010). Every season 
provided a different set of loose parts elements such as flowers, pinecones, leaves, and acorns. 
Since the natural environment constantly changes with seasons and plant growth, no two visits 
were alike and children always found something new to discover, explore, and do (Tyler & 
Rigby, 2010). Loose parts have been described as open-ended toys that children may use in 
many ways. The Loose Parts Theory stated that both the degree of inventiveness and creativity 
and the possibility of discover were directly proportional to the number and kind of variables in 
it (Nicholson, 1990 as cited by Louv, 2008). Loose parts, such as water, plants, soil, sticks, 
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pinecones, insects, and worms naturally occurred everywhere in children’s gardens. Tai et al. 
(2006) believed that these gardens should provide a place where children are free to explore with 
these natural items with garden tools or with their bare hands. 
2.12.6 Plants and Wildlife 
  “Plants are essential, beautiful, and attractive elements for children’s outdoor spaces” 
(Tai et al., 2006, p. 31). Plant selection in these gardens should provide interest and sensory 
stimulation, be durable, and should be safe for touching. Plants that are poisonous or have 
hazardous parts, such as irritating oils, thorns, barbs, or sharp edges should be avoided. Plants 
that have unusual parts, behaviors, fruits, flowers, or bright colors provided novelty and interest 
in these gardens and engaged children in the diversity of plants (Tai et al., 2006). Plants that 
attracted animals were particularly interesting to the children, appealed to a human’s innate zoo 
centrism, and natural attraction to movement (Tai et al., 2006; Tunnicliffe, 2006; Wandersee & 
Schussler, 1999).   
2.12.7 Water   
 Not necessarily a need, but children considered water the most desired element in a 
garden. “Children love water in any form. A dewdrop, birdbath, fountain, creek, river, pool, or a 
thirst quenching drink, each has its allure. Even water in its solid state (snow and ice) or its 
gaseous state (steam, mist, fog) has great appeal” (Tai et al., 2006, p. 125). However, it was the 
least provided element in children’s outdoor environments.  
 Water elements can be dangerous and expensive to maintain; however Tai et al. (2006) 
stressed that these features can be designed for children’s safe exploration of water. Fountains, 
misters, and fog rooms provide safe, cool places for children to participate in both active and 
creative play during the hot months of summer. A large water feature can cool the relative air 
temperature around it by 5 – 8 degrees (Tai et al., 2006). 
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  Using water as a magnet to draw children into the garden, water gardens can be utilized 
as a vehicle to introduce children to the amazing world of plants. Aquatic plants fascinate 
children with their unique adaptations and provide many learning opportunities for plant and 
ecological concepts (Tai et al., 2006).  
2.13 Participatory Garden Features 
 Participatory garden features invite children to participate in many different ways. Tyler 
and Rigby (2010) classified the activities at participatory garden features and the garden into four 
categories based on the autonomy they allow children.  
 (a) Independent- Activities children do by themselves (or with other children), with little 
 prompting from an adult. Children know what to do because of cues from the 
 environment and their own instincts and imagination. While these activities will be child-
 centered, parents are encouraged to join in alongside their child. 
 (b) Facilitated / guided- Activities that extend independent activities through discussion, 
 modeling, observation, and interaction. Trained adults (volunteers or staff) facilitate these 
 extended experiences. Many parents will naturally facilitate this type of experience as 
 well. 
 (c) Discovery Cart- Supplemental activities that are “wheeled” into the garden on 
 designated days or may be a permanent structure. These activities may be independent or 
 facilitated by a trained adult. 
 (d) Pre-registered classes- In-depth explorations of plants and the natural world 
 facilitated by an instructor (trained staff or volunteer). Many times they involve 
 gardening activities. May last 1 to 3 hours. Some botanical gardens have a vegetable 
 garden used to teach children about gardening, nutrition, and cooking through the actual 
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 raising and cooking of vegetables. These classes are usually six weeks long, meeting 
 once or twice weekly (Tyler & Rigby, 2010). 
2.14 Interpretive Media 
 Interpretive media is defined as conversation, guided interaction, signage, brochures, or 
any communication that enriches the visitor’s experience by making meaningful connections 
between the information and collections or experiences of the institution (Cunningham, 2004). 
According to Osland (2006), effective interpretation through static interpretation (signage) or 
dynamic interpretation (guided activities) should engage the visitors to the garden. This 
engagement should not only focus on sensory experiences, but also should facilitate the 
development of a deeper appreciation of plants, plant diversity, and ultimately lead to a better 
understanding of issues such as conservation and sustainability.  
 Landscape architects, Tyler and Rigby (2010), believed that interpretative media is  
essential to maximizing the cognitive and affective benefits of children’s gardens. Through their 
garden experience, coupled with effective interpretive media, children and parents develop a 
connection with nature that will continue at home. These designers challenged the concept of a 
“children’s garden,” believing in the value of mentors in the learning process, they prefer the 
concept of a “family garden.” With this belief in mind, Tyler and Rigby (2010) insisted that 
these gardens should provide interpretive media that facilitates mentoring. Interpretive media 
gives parents the tools and confidence to engage with their children in gardens.  
 Interpretive media should be available to parents before arrival at the garden and during 
their visit. Pre-visit interpretive media can include forms of social media, newsletters, or local 
publications. Tyler and Rigby (2010) suggested showing an introductory video and providing 
take-along props or backpacks containing equipment for interactivity with the garden. They 
believed that the garden staff should continually invite parents to join in with their children 
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throughout the garden experience by offering orientations, changeable signs, and teaching 
stations. Trained volunteers should be available to coach this interactivity between children, 
parents, and the garden (Tyler & Rigby, 2010).  
 Educational information in signage and other interpretive media should be communicated 
succinctly, in an easy to read manner, and should be evaluated for effectiveness (Tai, et al., 
2006). Tyler and Rigby (2010) suggested keeping the text simple with one stimulus at a time to 
avoid overwhelming busy visitors. They suggested using iconic symbols to cue an opportunity 
for interaction for non-readers.  
 Fenichel and Schweingruber (2010) gave another reason for the inclusion of interpretive 
media in these gardens. Many parents, without the scientific knowledge to understand the 
phenomena, will misinterpret the phenomena to their children, facilitating the development of 
misconceptions by the children. If these misconceptions are not modified, children will continue 
to build on these faulty understandings and will have difficulty understanding the more complex 
concepts that they encounter in formal education (Mintzes et al, 2000).  
 Although many garden designers and educators insisted that interpretive media played a 
critical role in children’s gardens because it expanded on the educational opportunities found in 
the garden. However, this is not a belief shared by all designers and educators (Tai et al., 2006).  
Some children’s garden designers and educators believe that signage and other forms of 
interpretive media take away from the aesthetics of the garden. These garden designers and 
educators believe each visitor should have his or her personal experience in the garden without 
the influence of interpretive media. These designers and educators design children’s gardens 
with minimum to no signage or other forms of interpretative media.  
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2.15 Summary 
 First, the body of research presented in this chapter demonstrated the importance of 
scientific literacy, particularly botanical literacy. Next, it provided evidence of the potential of 
designed settings, such as botanical gardens, for lifelong science learning and environmental 
stewardship. Finally, this research established the importance of children having an early start in 
science through primary experiences with the natural world, for building a foundation of 
scientific knowledge and skills.  
 However, the research reviewed in environmental psychology indicated that children are 
not having these natural experiences. As a result, children are losing their interest and sense of 
wonder about the natural world. They appear disinterested in the natural sciences and unaware of 
the environment that surrounds them. Both formal and informal science educators share the job  
of re-igniting a sense of wonder and excitement about the natural world in young children.  
 This study contributed to the current literature by investigating whether children became 
more aware and knowledgeable of plants through their experiences in four children’s gardens 
across the United States. This study determined through the garden stakeholders perspective 
(children and their parents or guardians) which participatory garden features in these gardens 
were effective in developing an awareness and knowledge of plants.   
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CHAPTER 3. 
 METHODS 
3.1 Purpose 
The purpose of this study was to determine the effectiveness of the participatory garden 
features in four children’s adventure gardens in developing children’s awareness and knowledge 
of plants. Previous research (BSA, 1995; Wandersee & Schussler, 1999) has established that 
children who have meaningful learning experiences with plants at an early age are more likely to 
have a greater interest and knowledge of plants as adults. Research (Eberbach, 1988; Louv, 
2008; Sobel, 1996; Tai et al, 2006) also indicated that experiences with nature during the early to 
mid-childhood years (0 – 12 years) are particularly crucial in establishing an interest in the 
environment. Since plants are the dominant feature in the environment comprising ninety percent 
of the biomass of the environment, this research also supported the belief that children who have 
plant experiences at an early age are more likely to have an interest and knowledge of plants as 
an adult (BSA, 1995).    
Based on the previous cognitive research outlined in Chapter 2, this study proposed that 
children’s adventure gardens, designed for children ages 2-12 years, can provide meaningful 
experiences with plants that foster in children an awareness and knowledge of plants. Previous 
research in Landscape Architecture (M. Miller, 2005; A. Miller, 2010; Tai et al., 2006) has 
determined essential elements for children’s gardens. However, past research has not studied 
whether the participatory garden features in these gardens are facilitating the development of an 
awareness and knowledge of plants. Furthermore, previous research has not acquired the 
children’s and parent’s perspectives on the learning opportunities in these gardens.  
This study investigated the effectiveness of the different types of participatory garden 
features for teaching children about plants from the stakeholders (children and their parents or 
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guardians), through interview and observational data. These data were analyzed from an 
elementary science educator’s perspective and used to describe the participatory garden features 
that support children’s development of an awareness and knowledge of plants. 
3.2 Research Design 
 To investigate the learning that occurred at the participatory garden features, this study 
employed both quantitative and qualitative data collection methods using a parallel mixed 
method research design to collect data in the four children’s gardens. Qualitative and quantitative 
data collection methods were conducted separately, but almost simultaneously. For example, the 
attitude scale and plant concepts test (quantitative methods) were administered during the 
children’s interviews (qualitative methods). The quantitative methods (visit frequency and timed 
movement data of children’s visits to the participatory garden features) identified the 
participatory garden features that are the most attractive to children. Field observations of 
participants and nonparticipants were also conducted during both the visit frequency and the 
timed movement data collections. These quantitative and observational data served in a 
supplementary role to the interview data during the analysis stage of the interview data. 
The data collection methods of this study resemble the Mosaic Approach of listening to 
children used by Clark and Moss (2001). Clark and Moss (2001) developed a participatory 
process for listening to children’s perspective on their daily lives, referred to as the “Mosaic” 
approach. The Mosaic Approach incorporates both traditional and participatory research tools 
such as observation, child conferencing, camera and videos, and map-making to generate 
individual pieces of data on the children’s experiences. These data are later pieced together to 
create a fluid living picture of the children’s experiences (Clark & Moss, 2005, as cited in Wake, 
2007). Since it was an objective of this study to capture the stakeholder’s (children and their 
parents or guardians) perspective on the effectiveness of children’s garden participatory features, 
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the Mosaic Approach served as a good mixed method data collection model. Many of the 
suggested data collection tools such as observation, child conferencing, and cameras were used 
in this study to capture the children’s perspective on which participatory garden features they 
liked the most, how they participated with the feature, and their potential for facilitating learning. 
Additionally, the parents or guardians that accompanied the children were also interviewed to 
provide a deeper understanding of the children’s learning experiences and to search for alternate 
explanations for the children’s interest and knowledge of plants.  
This study was exploratory in nature in the sense that it sought to understand the 
children’s experiences in children’s gardens using a flexible mixed method research design and 
also in the sense that it represented a new focus and perspective in children’s garden research. 
Qualitative researcher, Stebbins (2001), described exploratory research as a broad-ranging, 
purposive, systematic, prearranged undertaking designed to maximize the discovery of 
generalizations leading to description and understanding of an area of social or psychological 
life. It is the preferred methodological approach under at least three conditions: when there is 
little research on a group, process, activity, or situation; the phenomenon has been largely 
examined using prediction and control rather than flexibility and open-mindedness; or the 
phenomenon has greatly changed since it has been studied (Stebbins, 2001). 
This exploratory study represented three important changes in the research focus on 
children’s gardens: (a) a new focus on the learning that occurs at the participatory garden 
features; (b) different data collection methods including post visit responsive interviews of 
children and their parents or guardians in the children’s gardens; and (c) a science educator’s 
insight on the learning that occurs at the different participatory garden features. In addition, 
surveys have been the traditional data collection instrument for children’s gardens. This study 
utilized nontraditional data collection methods and instruments for these settings, such as 
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interviews with a flexible and responsive or open-ended format. The interviews and the different 
perspectives gained from them facilitated the exploration and discovery of new understandings 
of the children’s garden experience. Qualitative researcher, Stebbins (2001) insisted that to 
explore a phenomenon effectively, the researcher must approach it with two special orientations: 
flexibility in looking for data and open-mindedness about where to find them. This mixed 
method study (with its varied data collection methods and cross analysis of these methods by an 
expert in children’s learning in science) facilitated a flexible, open-minded approach to 
investigating what and how children learn in children’s gardens across the U.S.    
The general sequence of this study involved choosing four children’s adventure gardens 
located in large urban cities across the country that were successful in attracting children. Once 
the gardens were chosen, permission to conduct research in each of the four children’s gardens 
was secured. Next, the data collection instruments were developed, tested, and submitted for 
Internal Review Board (IRB) approval. Prior to data collection at each garden, researchers met 
with garden personnel, toured and observed in the children’s garden to develop a plan for data 
collection. Data collection was conducted at each of the four children’s garden for four days 
during the summer months. 
3.3 Research Methodology 
The following description of the research methodology used in this study is organized in this 
sequence: (a) Quantitative Data Collection; (b) Qualitative Data Collection; (c) Quantitative  
Analysis; (d) Qualitative Analysis; (e) Participants; and (d) Setting.  
3.3.1 Quantitative Data Collection 
 The majority of the participating children were observed throughout their entire garden 
exploration. The sequence and duration (timed movement data) of their exploration of the 
different participatory garden features were recorded on the quantitative data-recording sheet 
90
(Appendices 1). Observational data of children’s behaviors were also recorded as field notes or 
still photographs during this time. These data were analyzed to validate the narrative data that the 
children and parents provided about the children’s garden and many times the narrative data 
validated the quantitative data.   
The combination of these data collection methods and data analysis provided a deeper 
understanding of the experiences the children’s gardens provided. For instance, while the visit 
frequency data indicated which participatory garden features were the most effective for 
attracting children, the timed movement data, field notes, and narrative data enhanced the visit 
frequency data by demonstrating which participatory garden features were attractive to different 
aged children. These data also provided knowledge on how long the different aged children were 
involved with the different participatory garden features and what behaviors they exhibited at the 
features. The time spent and revisits were indicators of the interest and engagement the children 
had with the participatory garden feature. The explanations of why different aged children liked 
certain features more than others and why they spent long periods of time at some features were 
provided by the post-visit narrative interview data. The children were asked why they spent a 
long time at a particular participatory feature or why they revisited it. One day at each garden, a 
free admission day, was devoted only to the collection of visit frequency data since attendance is 
higher on these days. The frequency data of the number of children that visited each participatory 
garden feature was conducted during a four-hour period at a “peak attendance” time at each 
children’s garden. This data were analyzed quantitatively with the Microsoft Excel program to 
identify the rankings of the participatory garden features, and then compared to the narrative data 
to validate interview and anecdotal data. For instance, the frequency data indicated that the 
participatory garden features with water had the highest number of visits, then the narrative data 
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were analyzed to see if the children and their parents indicated that participatory water features 
were their favorite feature in the garden.     
  Multiple researchers (the primary researcher and one or two other researchers depending 
on visibility of participatory garden features) used unobtrusive observation measures to collect 
visit frequency data and the time movement data. They also recorded field notes on the behaviors 
of the children at the different participatory garden features. The primary researcher trained the 
other researchers on unobtrusive measures of observation and how to record the observations and 
visit frequency data to ensure inter-rater reliability. These unobtrusive measures allowed the 
researchers to blend unnoticed into the social setting of the garden, therefore, they could observe 
the children’s natural experiences in the children’s garden. These measures are considered 
nonreactive because the children do not know that they are being observed and therefore do not 
react to being observed by altering their natural behaviors (Teddlie & Tashakkori, 2009). An 
example of an unobtrusive measure used in this study was the strategic placement of the 
researchers in locations where parents or garden staff are commonly seated or standing. The 
children did not suspect that they were being observed because it was a common practice for 
adults to stand around the garden watching their children, since the garden rules required 
children in the garden to be accompanied by a parent or guardian. These measures also assured 
the botanical garden staff that data collection procedures were not disruptive to the children and 
their parents or guardians.   
The researchers were strategically positioned in the gardens based on preliminary 
observations of each garden. On a day prior to data collections, parents and guardians in the 
children’s gardens were observed exhibiting the following behaviors: (a) standing or sitting in a 
central location in the garden where they could watch their children from a safe distance; or (b) 
following their children around the garden. Also, it was observed that members of the garden 
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staff and a security guard are present most of the time in the children’s gardens. Therefore, the 
researchers knew where to stand so they would be able to blend in with the parents and staff to 
observe the children’s natural play and exploration in the garden without the children knowing 
that they were being observed. The researchers also divided the children’s gardens into regions 
where they could observe several participatory garden features at once. This practice assured that 
all of the features would be observed.    
This strategy was also used on the other three days by the primary researcher to collect 
timed movement data. Standing or sitting with the parents also provided an opportunity for the 
primary researcher to become familiar to and with the parents. The quality of observational data 
is highly dependent upon the observation of participants’ natural behavior in the natural setting 
of the phenomenon, while the quality of interview data is greatly influenced by the way that the 
participants perceive the researcher (Teddlie & Tashakkori, 2009). The children did not take 
pretests, such as the plant principles test or the attitude scale, at the beginning of their children’s 
garden visit because doing so would have made them aware that they were being observed and 
altered their normal behaviors in the garden. The first two children that were observed in the 
garden were asked to sign the child assent forms before their observations. As a result, they 
became aware that they were being observed and reacted by watching the researcher and hiding 
from her.   
Once the primary researcher became familiar to and with the parents, the importance of 
the study and credibility of the researcher were discussed. This discussion including the 
Louisiana State University Internal Review Board’s approval that this study posed minimal risks 
to its participants (The Exemption from Institutional Oversight, Appendices 2), assurance of 
confidentiality, and the assurance that they could stop their and their children’s participation at 
any time. The informed parental consent forms were also signed and the parent interviews were 
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conducted at this time. Later, prior to their interviews, the participating children signed the child 
assent forms (Appendices 3-6).     
Permission to conduct research in the children’s gardens was requested and obtained 
from the garden educational directors of each garden. The garden educational directors 
welcomed research in their garden and provided badges to the researchers conducting 
observations. The badges identified the researchers with the garden to assure parents of the 
safety of their children.  The researchers were also introduced to all garden staff, including the 
security staff prior to data collection in the children’s gardens.   
The primary researcher also trained the other researchers how to identify distinguishing 
characteristics of the children, such as shirt color or hair color, which would allow them to 
recognize the children at the garden features and prevent the occurrence of counting them twice 
in the visit frequency data. The participatory garden features were observed continuously, with 
children counted as they arrived to the garden participatory garden features. However, if the 
visibility or layout of the garden prevented the continuous observation of all of the participatory 
garden features, the researcher walked back and forth through the garden observing and counting 
the children present every five minutes.  
3.3.2 Qualitative Data Collection 
Although both quantitative and qualitative data collection methods were used in this 
study, the focus of the study was the insight that the interview data revealed about the children’s 
experiences in the gardens. These data, collected from interviews with the children and their 
parents or guardians, supported by the quantitative visit frequency data and time movement data, 
provided insight into not only which participatory garden features attracted the most children, 
and also why the children preferred some participatory features and not others. The interview 
data also collected explanations of the behaviors observed at the participatory garden features. 
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 Additionally, these narrative data were analyzed to determine whether these gardens 
impacted the children’s awareness and knowledge of plants. Cross analysis of interviews of the 
children and their parents or guardians that accompanied the participating children validated the 
children’s quantitative and interview data, providing more insight or depth into the 
understanding of these children’s experiences in the garden. For example, the parents or 
guardians were asked if their children had any previous experiences with plants. These 
experiences would influence the children’s awareness and knowledge of plants and offer an 
alternative explanation for the children’s interest and knowledge of plants.  
The interview instruments, found in Appendices 8 & 9, were used as a guide to ensure 
that the interviews collected information relevant to the research questions and objectives. 
However, the interviews had an open-ended, responsive format in the sense that deviation from 
the structured questions was allowed and encouraged to achieve a depth of understanding of each 
child’s experience. Specifically, in these interviews, children were asked to identify which 
garden features they liked the most and why, what features they would add to the garden, their 
prior experiences with plants, their feelings about plants, basic age-appropriate plant concepts, if 
they learned about plants in the children’s garden, and about their behaviors at the participatory 
garden features (e.g., Why did you stay at the water pots for a long time? What were you doing? 
And other probing questions).   
Parents and guardians were interviewed to provide data triangulation to verify the 
children’s responses and to search for alternate explanations of the children’s interests and 
knowledge of plants. The parents and guardians were also asked to identify which participatory 
garden features fostered an awareness of plants in their children. Additionally, they were asked 
about their personal and their children’s prior experiences with plants or a plant mentor, such as 
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a grandparent or neighbor who has gardened with their children or whether someone shared plant 
experiences with them as a child.   
The combination of quantitative and qualitative data collection methods provided a 
flexible and responsive path for developing a true understanding of the children’s experiences in 
the children’s gardens. For example, the Plant Attitude Scale (Appendices 10) was administered 
during the interviews for two reasons; first the children chose to complete it orally. Secondly, 
administering it orally provided opportunities to explain the questions to young children and for 
elaboration of the children’s answers. Since the interview data were the focus of this study and 
this flexible, responsive approach was used for data collection, this study was posited more on 
the qualitative side of research methodology. The integration of methods used in mixed method 
research is illustrated in the QUAL-MM-QUANT Continuum (Figure 3.1) (Teddlie & Tashakkori, 
2009). The “B” in Figure 5 indicates the position of this study.  
 
Figure 3.1. QUAL-MM-QUANT Continuum (Teddlie & Tashakkori, 2009, p. 28) 
Zone A consists of a totally QUAL (Qualitative) research orientation, while Zone E 
consists of a totally QUAN (Quantitative) research orientation. Zone B represents primarily 
QUAL research, with some QUAN components. Zone D represents primarily QUAN research 
with some QUAL components. Zone C represents totally integrated MM (Mixed Methods) 
research. The arrow represents the QUAL-MM-QUAN continuum or the flexibility of mixed 
 
                A                B                C              D               E 
                              QUAL                          MIXED                       QUAN 
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method research. Movement away from the center, towards either end, indicates that the research 
methods are more separated (Teddlie & Tashakkori, 2009, p. 28). This study was posited in Zone 
B of this continuum with its emphasis on the QUAL narrative data.   
The next section describes the general data collection methods used to address the 
primary question and objectives of this study. Specific details about these data collection 
methods are provided in the setting section of this chapter since each children’s garden layout 
was different and required minor adaptations of data collection methods.  
3.4 Research Question 
Do children’s gardens facilitate the development of an awareness and knowledge of 
plants in children? This study specifically looked at the influence the different participatory 
garden features had in developing an awareness and knowledge of plants in the children from the 
stakeholder’s perspective. The stakeholders included in this study were the children who visited 
these children’s gardens and their parents or guardians accompanying them on their visits. 
3.4.1 Research Objective 1 
The genre of the children’s gardens that were studied was described as adventure 
gardens. In these adventure gardens, the children ran or wandered through the gardens, set their 
own self-paced agenda, in a similar manner that children wander through a museum playing with 
the interactive exhibits, but at a more active pace. Consequently, because of the nature of the 
children’s experience, the children’s participation and preference for the participatory garden 
features had an influence on their learning. Specifically, for the participatory garden features to 
be effective, they must first attract the children and then inspire them to participate. Therefore, 
the first objective of this study was to determine which children’s garden participatory features 
attracted the most children.  
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The quantitative data collection methods that were used to address this question were: (a) 
visit frequency data of each participatory garden feature in a four hour period and (b) the 
sequence of the children’s visits to each participatory garden feature and time spent at each 
participatory garden feature (time movement data). The qualitative methods used to identify the 
participatory garden features that attracted the most children were the semi-structured open-
ended exit interviews with the children and their parents or guardians. These interview data were 
used as supportive data for the visit frequency data and provided insight into why children were 
attracted to one feature over another feature. 
3.4.2 Research Objective 2 
The next objective was to determine which children’s garden participatory features were 
the most effective for teaching children about plants and why? Semi-structured, open-ended exit 
interviews with the children at these gardens and their parents or guardians helped answer this 
question. Each interview began with a questionnaire, but evolved differently because of the 
open-ended nature of the responsive interview process. For example, if it was observed that a 
child stayed at a participatory garden feature for a long period of time, the child was asked why 
and other probing questions unique to this child’s observed experience. Many times, this led to a 
more detailed account of the children’s learning experiences in the children’s gardens. Anecdotal 
or field notes of observations of children’s behaviors during their garden experience were also 
taken. Additionally, children completed a post-visit attitude scale and plant principles test orally 
during their interview to determine their awareness and knowledge of plants. The incorporation 
of these two quantitative data collection methods within the interviews allowed for clarification 
and elaboration of this information from the children.  
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3.4.3 Research Objective 3 
The last objective of this study was to determine if the garden stakeholders’ perspective on the 
experiences in the children’s gardens aligned with the mission or goal of the children’s garden 
set by the botanical garden. For instance, if a children’s garden goal was for children to explore 
natural elements, this study looked at whether natural elements were provided and actually 
explored by the children. This objective was accomplished through the following data collection 
and analytical methods: (a) a content analysis of the mission statement or goals of each 
children’s garden; (b) a cross analysis of mission content analysis and interview data from this 
study’s stakeholders; (c) on-site exit interviews with the children at these gardens and their 
parents or guardians; (c) field notes of observations of children’s behaviors during their garden 
experience; and (f) participatory garden features element analysis. 
3.5 The Challenges Of Assessing Learning In Children’s Adventure Gardens 
 Appropriately assessing the science learning that occurs in informal settings, like 
children’s gardens, presented several challenges (Fenichel & Schweingruber, 2010). First, given 
the learning-centered, open-ended nature of these settings, the child’s experiences could not be 
predetermined for the development of traditional assessment instruments used in formal 
education, rather the children’s experiences emerged and were dependent on the interests of each 
individual child.  
 Second, it was also difficult to determine if the children’s attitudes and learning outcomes 
were attributed to their children’s garden visits or to other factors such as plant experiences with 
plant mentors or in formal education (Fenichel & Schweingruber, 2010). This challenge was 
partially addressed during the interviews by asking the children and parent or guardians about 
previous plant experiences such as gardening and plant mentors. The responses to this question 
were very insightful and will be discussed in chapter 5.   
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 Third, the children’s visit history, identified in the first question of both the child’s and 
the parent’s interview, added another dimension to this assessment challenge. Some children and 
their parents were on their first visit to the children’s garden, while others had family 
memberships and visited the children’s garden regularly. Still, some of children had noticed the 
children’s garden during a formal education fieldtrip to the botanical garden and asked their 
parents to bring them to the children’s garden.  
 Fourth, the social aspects of informal environments also presented a problem with 
individual learning assessment (Fenichel & Schweingruber, 2010). Many times during the 
interview process other siblings and parents joined in answering the questions with the 
interviewee or assisting the interviewee with answers. This issue would present inaccurate results 
on traditional criteria-referenced formal education assessment measures. However, in the 
responsive, semi-structured qualitative interviews this added to the understanding of the 
children’s experiences with plants and in the children’s garden. Many times the parents were 
able to provide additional information about their children’s past plant experiences with plant 
mentors and formal education. 
 Finally, perhaps the greatest challenge in assessing the children’s learning outcomes and 
evaluating the effectiveness of the participatory garden features was to complete all the 
assessment measures without disrupting the garden experience for the participants. The 
children’s experience was filled with fun and excitement, while the children’s garden provided a 
resting time for many parents. Most parents sat and watched their children from a distance, 
confident that their children were safe from hazards and could play without adhering to strict 
rules enforced at other informal learning settings. The children could run, talk loudly, touch, 
smell, and even jump in the water features without the fear of being corrected.   
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 Traditional quantitative assessment measures such as pretests and posttests were too 
time-consuming, interfered with the children’s excitement, and altered the children’s natural 
behaviors in the children’s garden. When the children arrived at the children’s garden, they were 
anxious to play and did not want to sit down to take a test. These assessment measures were used 
initially with two children and proved to ruin the garden experience for these children. During 
the time movement observations the children hid from the observer instead of playing at the 
participatory garden features. Fenichel and Schweingruber (2010) insisted that the assessment 
measures fit the kind of participatory experiences that make informal learning environments 
attractive and engaging, not interfere or take away from the experiences. “Any assessment 
activities undertaken in these settings should not undermine the very features that make for 
effective learning” (Fenichel & Schweingruber, 2010, p. 106).    
 Finally, the assessment should address the cognitive, attitudinal, and behavioral outcomes 
that the designers had in mind (Fenichel & Schweingruber, 2010). This is also the last objective 
of this study. The content analysis of the goals of the children’s gardens addressed this 
evaluation measure and research objective. The botanical gardens provided a mission statement 
that identified the philosophy of the botanical garden and the goals for the children’s garden. 
Additionally, the children’s garden coordinators and botanical gardens’ websites also provided 
information on these goals and the objectives of the participatory garden features. However, the 
mission statements and goals did not identify the children’s specific cognitive, attitudinal, and 
behavior outcomes that were needed to assess the children’s learning.   
 Fenichel & Schweingruber (2010) maintained that assessing learning in informal settings 
is complex because it must address the range of capabilities of diverse audiences and all the 
domains of learning that occur in these diverse settings. Measures of assessing learning in 
informal settings must have ecological validity. In other words, assessment in informal settings 
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must measure what they claim to measure while aligning with all the opportunities for learning 
that are present in the environment (Fenichel & Schweingruber, 2010).  
 These editors described the Strands of Informal Science Learning as a framework of the 
skills, behaviors, and outcomes of someone who is proficient in science. They insist that these 
Strands serve as an excellent model for assessing the attitudinal and cognitive outcomes of 
informal learning environments. For these reasons, the Strands of Informal Science Learning 
were used as inductive codes to analyze the children’s interview transcripts for evidence of 
science learning. A discussion of the Strands of Informal Learning was provided in chapter two; 
they are found again in chapter five.   
3.6 Data Analysis 
The data generated from this mixed methods study were analyzed by both qualitative and 
quantitative strategies. General descriptions of the two analytical methods were discussed 
separately to provide a better understanding of each method, so that an understanding of how 
they were combined was clearer. More specific descriptions of the data analysis for this study 
were discussed in chapter four. 
3.6.1 Quantitative Data Analysis 
 The quantitative data collection and analysis methods of this study served a 
supplementary role to the qualitative interview data and analysis because the focus of this study 
is exploring the phenomena of what, how, and why children learned about plants in the 
children’s gardens. The understanding of these phenomena provided by this study’s data and 
analysis was used to draw conclusions and make inferences on the most effective participatory 
garden features in children’s gardens.     
 The quantitative analysis procedures that were used to analyze the data from this study 
included: (a) The visit frequency data and attitude scale data were analyzed quantitatively using 
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the Microsoft EXCEL program; and (b) The analyses of the narrative data, including the plant 
concept test gathered from the interviews were based on an inductive approach that identified the 
patterns, categories, and themes that emerged from the data. These themes were quantified and 
then the data was compared between gardens, parents or guardians and children. The insight 
gathered from the findings of these quantitative analysis methods were used in a cross-analysis 
of all the data and to support the inferences or conclusions of this study. 
3.6.2 Qualitative Data Analysis 
Wildemuth and Zhang (2009) summarized qualitative content analysis by explaining that 
it does not produce counts and measures of statistical significance like quantitative analysis, 
instead it uncovers patterns, categories, and themes important to social reality. Many techniques 
exist for increasing the quality of qualitative data collection, but the controversy about qualitative 
findings arises from the nature of qualitative content analysis (Patton, 1999). Patton (1999) 
described qualitative analysis as a creative process, depending heavily on the insights and 
conceptual capabilities of the prepared analyst. Though qualitative analysis depends on the 
analyst’s expertise and creative insight, Patton (1999) insisted that there is a technical side to 
qualitative analysis that is analytically rigorous, mentally replicable, and explicitly systematic 
(Patton, 1999).  
3.6.3 The Systematic Process of Analyzing Qualitative Data 
Although qualitative analysis is a creative process, qualitative analysts follow a general 
set of systematic procedures and checks to ensure that their research inferences are valid and 
reliable (Wildemuth & Zhang, 2009). Wildemuth and Zhang (2009) have outlined eight common 
steps of qualitative analysis. They were listed and explained using insights from other research 
(Patton, 1999; Teddlie & Tashakkori, 2009) to provide assistance in understanding this process. 
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The first step in qualitative data analysis is to transcribe or transform recorded data into 
printed text. When transcribing recorded interviews, the interviews are transcribed literally. They 
include notes made about behavioral observations during the interviews, such as pauses, head 
motions and other signs of affirmation, excitement, doubt (Wildemuth & Zhang, 2009).  
 The next step is the content analysis of the transcripts. Qualitative content analysis 
involves careful reading and rereading of the transcripts to identify meaningful segments or units 
of the transcribed data that are relevant to the research questions. These units of text are 
organized by categories. A table or master list is created listing the categories and the units of 
text that correspond to each category. Again, the units of text are written literally and with 
observational notes (Wildemuth & Zhang, 2009).   
As the researcher or analyst reads and compares the units of texts, he searches for 
patterns in the data. According to Patton (1999), qualitative analysis depends on astute pattern 
recognition during this step of the analysis. As patterns emerge from the categories of text, they 
are described as themes. These themes, rather than the individual units of text, are then used as 
units for analysis. In mixed method research (Teddlie & Tashakkori, 2009), themes are defined 
as the dominant features or characteristics of a phenomenon under study. These themes can be 
expressed as a single word or multiple words (e.g. plant experiences), a phrase (e.g. gardened 
with a plant mentor), a paragraph, or an entire document. Themes are developed in two ways: (a) 
derived from the transcript data inductively through the researcher’s careful examination and 
constant comparison; or (b) deductively, where the researcher adopts the coding schemes 
developed in a preliminary study or from an existing theory (Wildemuth & Zhang, 2009).   
Next, codes are assigned to each theme for easy identification and a coding scheme 
evolves. This is added to the master list to ensure consistency, especially when multiple 
transcript coders analyze the data. The master list or coding scheme includes theme names and 
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definitions, or rules for assigning codes, and text examples. During the initial analysis stage, the 
themes and master list are developed from a sample of the transcribed data. This list continues to 
evolve throughout the analysis process as new themes are discovered in the transcript data 
(Wildemuth & Zhang, 2009). 
 Once the initial coding scheme or master list is developed it is tested for consistency or 
inter-coder reliability. Two or more coders test the themes and coding scheme for clarity and 
consistency by coding a sample from the transcripts using the coding scheme. Then, the coders 
compare their coded samples. They discuss and revise the coding scheme until there is inter-
coder agreement or consistency in this step of the data analysis (Wildemuth & Zhang, 2009). 
 Analysis of qualitative data requires constant comparison to assure consistency and 
reliability of the data results. Once consistency is achieved among the data analysts, the entire set 
of transcript data is coded. However, data analysts meet periodically during this process to check 
inter-coder reliability and for the emergence of new themes from the transcripts. After the entire 
set of transcript data is coded, inter-coder agreement is tested again by comparing the results and 
revising the coding scheme until consistency is achieved over the entire set of data (Wildemuth 
& Zhang, 2009).  
 After the completion of the data coding and the tests for assurance of reliability are 
completed, conclusions are drawn. Inferences and meanings of themes are derived from the data. 
This process involves the exploring of properties and dimensions of themes, identifying 
relationships among themes, looking for patterns in themes, and looking for data that supports 
alternate explanations (Patton, 1999; Wildemuth & Zhang, 2009).   
The last step of qualitative analysis is reporting the methods and findings. The test of 
reliability in research is the extent that the study can be replicated with similar results. 
Consequently, for the study to be replicable the reporting of the data collection and analytical 
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procedures must be as complete and truthful as possible, including the practices and decisions on 
the coding process (Patton, 2002, as cited by Wildemuth & Zhang, 2009). “The qualitative 
researcher has an obligation to be methodical in reporting sufficient details of data collection and 
the processes of analysis to permit others to judge the quality of the resulting product” (Patton, 
1999, p. 1191). 
3.7 Data Quality 
 The purpose of this section was to describe the steps that were taken to ensure the 
reliability and validity of this study. Patton (1999) asserted that reliability and validity or 
credibility of qualitative data should be measured in several ways: (a) using technical vigor; (b) 
triangulation of methods, analysts, data sources, and theoretical perspective; and (c) through 
identifying the researcher’s qualifications and creditability.  
3.7.1 Triangulation 
 Triangulation is the process that mixed method researchers use to increase the reliability 
and validity of their study. Triangulation involves the use of multiple methods, data sources, 
perspectives, researchers, and analysts throughout the study. This practice provides assurance 
that the findings are not an artifact of a single method, a single source, or a single researcher’s 
intrinsic biases (Patton, 1999). Qualitative researcher, Michael Patton (1999), in his article, 
Enhancing the Quality and Credibility of Qualitative Analysis, explained that the logic behind 
triangulation is based on the premise that no single method ever adequately solves the problem 
of rival explanations. Each method, investigator, researcher, data source, and perspective reveals 
different aspects of the reality being studied. Therefore, using multiple forms of methods, 
multiple data sources, multiple investigators or analysts, and multiple theoretical perspectives 
(such as those of stakeholders and the children garden goals) shed a new light on the findings 
and provide greater depth to the understanding of the phenomena (Patton, 1999).  
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 Triangulation of qualitative and quantitative data are also a form of comparative analysis, 
the observational and narrative data (qualitative data) generates hypotheses, while the 
quantitative data are used to make systematic comparisons and verify the hypotheses (Patton, 
1999). This strategy compares the findings from different sources and perspectives to improve 
data quality. An example used in this study was the comparison of the findings from the visit 
frequency data to the children’s and their parent or guardian’s interview data on the children’s 
favorite features. Seeing similar results in all three of these data sources and perspectives assures 
the researcher that the results are valid and reliable. Consequently, the use of multiple 
investigators and analysts, multiple data sources (children, parents or guardians, mission 
statements), and multiple perspectives of the different stakeholders of the gardens will provide 
triangulation to this study and further strengthen the credibility by reducing systematic bias in the 
data (Patton, 1999). Triangulation in this study was achieved through the use of the following:   
 (a) Multiple Methods: Multiple data collection methods in both qualitative and 
 quantitative research approaches were used; e.g. interviews, attitude scale, visit frequency 
 data.  
 (b) Multiple Investigators and Analysts: The primary researcher trained other 
 investigators on unobtrusive measures and other skills of observation. A qualitative 
 research expert checked the coding scheme and themes for consistency during the 
 analysis stage of this study.   
 (c) Multiple Qualitative Data Sources: Interviews of different garden stakeholders, 
 reviews of children’s garden mission and goals statements. 
 (d) Theory Triangulation: Comparisons of perspectives of different garden stakeholders, 
 learning theories, and garden mission statements. 
3.7.2 Credibility Of The Researcher 
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 Since the researcher is the instrument in qualitative inquiry, the report of the study must 
include information about the researcher (Patton, 1999). This information must include 
information on the researcher’s related experience, training, and perspectives on the study. 
Additionally, providing this information allows the readers of the study to understand the 
possibility of biases in the data and reassures the reader that the researcher is qualified to conduct 
the study and make inferences based on the findings (Patton, 1999). The following information 
provides an insight into the backgrounds and qualifications of primary researcher and expert 
analyst involved in this study.  
 The primary researcher of this study was certified to teach all subjects in first through 
eighth grades. Her education included two Bachelor of Science degrees (agriculture & 
elementary science), a Masters of Arts degree in elementary education (reading), and an 
Educational Specialist degree in elementary science education. The experience and training of 
the primary researcher of this study included twenty-two years of teaching in formal 
kindergarten through fifth grade education, which included extensive experience in assessing 
children’s science skills and knowledge through interviews and conferencing. The primary 
researcher was also a part of the team that developed the Louisiana Educational Assessment 
Program (LEAP) currently implemented throughout Louisiana.     
 The primary researcher, as a formal education teacher, also had extensive experience in 
conferencing with parents and guardians on the subject of assessing their children’s science 
knowledge and skills. The researcher was also a certified Master Gardener for East Baton Rouge 
Parish in Louisiana and had eighteen years of experience teaching children science inquiry skills 
and concepts through school gardens. This experience included the development of six school 
gardens. The primary researcher’s other qualifications included 15 hours of coursework in both 
qualitative and quantitative research methods from Louisiana State University. The primary 
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researcher had a Certificate of Completion from the National Institutes of Health certifying that 
she had completed the “Protecting Human Research Participants” course; this document was 
placed in the appendices (Appendices 11). These experiences qualified the primary researcher as 
an expert in assessing science learning by children.   
Dr. Machtmes served as co-analyst of the quantitative and qualitative data in this study, checking 
the transcripts and themes for accuracy and consistency. Dr. Machtmes was an associate 
professor at Louisiana State University in Human Resource Education. In this position, she 
taught graduate courses in both qualitative and quantitative research methodology, sat on 
graduate committees, and mentored graduate students throughout their masters and doctoral 
processes. These experiences qualified Dr. Machtmes as an expert in both qualitative and 
quantitative research methodologies. She was referred to as the expert analyst of this study. 
3.8 Generalizability/Inference Transferability 
 The greatest limit to this study was the generalizability or inference transferability of this 
study to other settings. Patton (1999) warned that the generalizability or inference transferability 
of the findings of qualitative research was limited, so the qualitative researcher must be careful 
not to over-generalize the findings of a study. The focus of qualitative research instead was on 
the quality in data rather than the quantity of data (Bowen, 2005) for the purpose of a deep 
understanding of phenomena. This was accomplished through the study of important or 
information rich settings and participants involved in the phenomena rather than on generalizing 
from a large random sample to a large population (Patton, 1999). An in-depth study of 
information-rich settings and participants was also important for the inductive generation of new 
concepts and empirical generalizations, which is the focus of exploratory research (Stebbins, 
2001). For this reason, purposive sampling strategies that involved the selection of information-
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rich cases in depth and detail are used widely in qualitative studies and were used in this study of 
science learning in children’s gardens.     
 The use of purposive sampling (settings and participants) strategies resulted in research 
findings that were highly contextual and case dependent, thus, limited the transferability of this 
study. However, the transferability of this study was increased by the inclusion of in-depth 
descriptions of the children’s gardens including the botanical gardens, the data collection 
methods, and the learning phenomena. Also, the wide geographical range of the children’s 
gardens (Western U. S.: Huntington Libraries and Botanical Gardens; Midwest: Missouri 
Botanical Garden; Eastern U. S.: New York Botanical Garden and Brooklyn Botanic Garden) 
used as the settings of this study increased the generalizability of this study to the genre of 
adventure children’s gardens across the United States. 
3.9 Targeted Population And Sample 
 The targeted population of this study was the stakeholders of children’s gardens at four 
popular children’s gardens across the United States. The stakeholders of this study included 
children, ages 2-12, who visited these gardens in the summer and the parents or guardians who 
accompanied them. These participants were chosen because they represented key informants for 
the investigation of the science learning that occurs in children’s gardens. Additionally, the age 
of the children (2 -12 years) was an important consideration in choosing participants for two 
reasons: (a) children’s gardens were primarily designed for children ages 2-12 years; and (b) 
previous research (Sobel, 1996) had determined that the early through middle childhood years (0 
– 12 years) were a critical time for children to explore and bond with nature. Also, Charles 
Lewis, a horticulturalist who studies human responses to nature, stressed the importance of early 
experiences with nature suggesting that during this time “innate responses to environmental 
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stimuli provoke unforgettable cognitive imprints” (Lewis as quoted in Dannenmaier, 1998, as 
cited in Tai et al. 2006, p. 12).  
 The accessible population was defined as the children, ages 2 -12, visiting one of the four 
selected children’s gardens across the United States and the parents or guardians that 
accompanied them on their visit during the selected summer days for each garden. The sample of 
the accessible population included the children and their parents or guardians who agreed to 
participate in this study by signing the parental consent and child assent forms (Appendices 3-7) 
 The majority of the families that were approached in the different children’s gardens 
agreed to participate. Out of the 30 families that were approached at the four gardens, 25 agreed 
to participate (93%) and only five declined to participate (7%). Lack of time was the reason that 
most of parents gave for not participating; they felt that their garden visits would not be long 
enough to complete the observations and interviews. One mother at HBG was actually the aunt 
of an observed child and did not feel that she could give consent for her nephew’s participation. 
Two families stopped their participation. A mother and her son at MoBot agreed verbally to 
participate, but left the children’s garden during the timed movement observations. A father and 
his two daughters at the NYBG agreed verbally to participate, completed the observations, the 
plant principle test, attitude scale, and interviews; but declined to sign the parental consent form. 
These two families were included in the “Declined to Participant” category. The majority of the 
parents and guardians were very interested in the opportunity to give feedback about the 
children’s gardens. Most had definite ideas about what their children were learning and liked in 
the gardens, both the children’s and the botanical gardens. Tables 3.1 provided the relevant 
details of the participants for each children’s garden in this study. 
 The children, ages 2-12 years, and their parents or guardians visiting the children’s gardens 
during data collection days represented both a convenience and a purposive sample.   
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Table 3.1  
Participant Information 
 
Garden 
 
Families 
 
Mothers 
 
Fathers  
Grand- 
Mother 
Grand- 
Father 
 
Girls 
 
Boys 
Total 
Participants 
 
BBG 
 
1 
 
1 
 
0 
 
0 
 
0 
 
1 
 
0 
 
2 
 
HBG 
 
10 
 
8 
 
0 
 
0 
 
0 
 
9 
 
5 
 
22 
 
NYBG 
 
5 
 
3 
 
3 
 
1 
 
1 
 
4 
 
4 
 
16 
 
MoBot 
 
9 
 
6 
 
0 
 
2 
 
0 
 
5 
 
11 
 
24 
         
 
Totals 
 
25 
 
18 
 
3 
 
3 
 
1 
 
19 
 
21 
 
64 
  
Table 3.2 
Participants and Declined Participation or Stopped Participation 
 
Garden 
 
Families 
 
Mothers 
 
Fathers  
Grand- 
Mothers 
Grand- 
Fathers 
 
Girls 
 
Boys 
Total 
Participants 
    #         % 
 
BBG 
 
1 
 
1 
 
0 
 
0 
 
0 
 
1 
 
0 
 
 2 
 
67% 
(Declined) 1 1 ----- ----- ----- ----- -----     1   33% 
 
HBG 
 
10 
 
8 
 
0 
 
0 
 
0 
 
9 
 
5 
 
22 
 
96% 
(Declined) 1 1 ----- ----- ----- ----- -----     1  4% 
 
NYBG 
 
5 
 
3 
 
3 
 
1 
 
1 
 
4 
 
4 
 
16 
 
94% 
(Declined) 1 ----- 1 ----- ----- ----- -----     1  6% 
 
MoBot 
 
9 
 
6 
 
0 
 
2 
 
0 
 
5 
 
11 
 
24 
 
92% 
(Declined) 2 2 ----- ----- ----- ----- -----     2  8% 
Total 
(Participants) 
 
25 
 
18 
 
3 
 
3 
 
1 
 
18 
 
21 
 
64 
 
93% 
Total 
(Declined) 
 
5 
 
4 
 
1 
 
0 
 
0 
 
0 
 
0 
     
    5  
 
7% 
Total  
(Approached 
 
30 
 
22 
 
4 
 
3 
 
1 
 
18 
 
21 
 
69 
 
100% 
 Note: The dashes in this table indicated that there were no declines in the category. 
 
Teddlie and Tashakkori (2009) defined a convenience sample as a sample that was drawn 
from a population that was both easily assessable and were willing to participate in a study. They 
defined a purposive sample as “a type of sampling in which particular settings, persons, or events 
were deliberately selected for the important information they can provide that cannot be gotten as 
well from other choices” (Maxwell, 1997, p. 87, as cited by Teddlie & Tashakkori, 2009, p. 170). 
Children were observed during their natural, self-guided learning experience in each of the 
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children’s gardens. Children with camp groups were not included in this study because it was 
observed that the camp counselors kept their children together and did not allow the children to 
explore or move freely through the gardens. Therefore, including them in the study would have 
skewed the data on the children’s natural experiences in the children’s gardens.  
Permission to use the data collected in this study was obtained through the following 
procedure. Parents or guardians were approached and asked to sign the parental consent and 
child assent forms, giving the researcher permission to interview and take photographs of the 
children for the purposes of this study. Once the parent or guardian signed the parental consent 
and child assent forms, the primary researcher observed the children playing in the garden. The 
primary researcher recorded the sequence and the time spent by the children at the different 
participatory garden features. All researchers used unobtrusive or inconspicuous measures when 
observing, such as standing in an area where parents converged and talked. Consequently, the 
children did not realize that they were being observed and therefore, did not alter their natural 
behaviors as they self-navigated the children’s gardens. The primary researcher found that if the 
children were aware that they were being observed, their natural behaviors were altered in the 
gardens. Children did not complete a pre-test for this reason. 
The children were interviewed at the end of their visit, during which they completed an 
attitude scale and plant principle test (Appendices 12) in either a written format or orally as part 
of the interview process with the researcher filling in the children’s responses on the scale and 
test. The primary researcher conducted, recorded, and transcribed the interviews. The attitude 
scale and plants concepts test (if the children chose not to use the written format) were 
transcribed from recorded interview data, analyzed, and compared to other data by the primary 
researcher. An expert qualitative researcher also checked this analysis for consistency.   
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 The interview questions and other the instruments (attitude scale, plant principle test, 
consent and assent forms) used in this study were reviewed for reliability by members of the 
dissertation committee and were analyzed for safe use with the accessible population of this 
study by the Louisiana State University (LSU) Institutional Review Board (IRB). The LSU IRB 
approved an “Exemption from Institutional Oversight” for these research instruments as 
indicated by the stamp on these documents (Appendices 2). The IRB number for this research is 
E4624.   
3.10 Setting 
This study was conducted at four children’s adventure gardens located in four major 
botanical gardens across the United States: (a) Garden 1: the Discovery Garden at the Brooklyn 
Botanic Garden (BBG), Brooklyn, NY; (b) Garden 2: the Helen & Peter Bing Children’s Garden 
at the Huntington Botanical Gardens (HBG), San Marino, CA; (c) Garden 3: the Doris I. 
Schnuck Children’s Garden at the Missouri Botanical Garden (MoBot), St. Louis, MO; (d) 
Garden 4: the Everett Children’s Adventure Garden at the New York Botanical Garden (NYBG), 
Bronx, NY. These gardens were chosen as the setting of this study for three reasons: (a) the four 
botanical gardens that housed the children’s gardens were four of the largest and most eminent 
botanical gardens in the United States; (b) these children’s gardens were considered successful 
adventure children’s gardens by botanical garden communities and therefore, offered excellent 
models to evaluate the impact of adventure gardens on children; and (c) these gardens 
represented a range of regions from the eastern to the western United States, thus increasing the 
inference transferability of this study.  
In addition, the BBG was also chosen for the historic insight to children’s garden 
experiences that it provided. The BBG, internationally recognized as an innovator in education, 
was the first botanical garden to provide hands-on education for children. Their Children’s 
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Garden (an edible garden next to the Discovery Garden), opened in 1914, was known as “the 
oldest children’s garden in continuous use in the world” (http://www.bbg.org/).   
These four gardens, with their diverse layouts, elements, and features, offered a complete 
vision of what adventure gardens encompass; however each layout required a slightly different 
method of data collection. Therefore, the different data collection methods were described for 
each garden setting along with specific information on the participants from each garden. Also, 
since the children’s gardens were located within the botanical gardens and the children walk 
through and participated in the other activities in the botanical gardens, the garden descriptions 
began with brief descriptions of the botanical gardens in which the children’s gardens were 
located to achieve a complete picture of the children’s experiences.   
3.10.1 Garden Setting 1: The Discovery Garden at the Brooklyn Botanic Garden 
 The Brooklyn Botanic Garden (BBG) founded in 1910, offered Brooklyn residents and 
visitors 52 acres of green space in the middle of one of its busiest boroughs. The BBG featured 
thirteen gardens including the lily ponds, the historic children’s garden, and the discovery 
garden; six collections including lilac and orchid collections; a conservatory with five desert and 
tropical exhibits; and seven natural features including the Celebrity Path and a composting 
exhibit. Located at 900 Washington Avenue next to Prospect Park, the BBG was easily accessed 
from all of New York through the subway system. Fees at the BBG were $10 for adults, but 
children, ages 12 and under were free. Admission was free for the public all day on Tuesdays 
and between 10:00 - 12:00 on Saturdays, making this garden also economically accessible to all 
families in New York City. 
 The BBG is dedicated to inspiring the public by displaying and studying plant life. 
Through classes, events, and publications, they aroused public awareness of the fragility of the 
environment and provided visitors a variety of ways to enjoy plants in their own lives. The 
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BBG’s vision for their “Campaign for the Next Century” included a garden renewal that will 
extend to the rapidly growing needs of the Brooklyn community. Recognizing that there were 
fewer acres of green space per person in New York City than any other American city, the BBG 
engaged in a campaign that fostered a love and understanding of plants and the natural world and 
inspired the next generation of environmental stewards (http://nextcentury.bbg.org/). A large 
component of this campaign involved “greening beyond the garden” or increasing the BBG’s 
outreach presence in the community. The BBG’s vision was to provide intensive training in 
urban horticulture and sustainable practices. Examples of their public training included programs 
such as Street Tree Stewards, where the long-term health of New York City’s street trees was 
increased through public education and the Brooklyn Urban Gardening, a program that trained 
volunteer educators to lead greening projects in their communities. The BBG’s dedication to 
research included its research partnership with Rutgers University in the Center for Urban 
Restoration Ecology (CURE). CURE is the first scientific initiative established in the U. S. to 
specifically study and restore the ecology of urban areas (http://www.i-cure.org/). The mission 
statement for the BBG stated,  
 The mission of Brooklyn Botanic Garden is to serve all the people in its community and 
 throughout the world by: (a) displaying plants and practicing the art of horticulture to 
 provide a beautiful and hospitable setting for the delight and inspiration of the public; (b) 
 engaging in research in plant sciences to expand human knowledge of plants, and 
 disseminating the results to science professionals and the general public; (c) teaching 
 children and adults about plants at a popular level, as well as making available instruction 
 in the exacting skills required to grow plants and make beautiful gardens; (d) reaching out 
 to help the people of all our diverse urban neighborhoods to enhance the quality of their 
 surroundings and their daily lives through the cultivation and enjoyment of plants; and (e) 
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 seeking actively to arouse public awareness of the fragility of our natural environment, 
 both local and global, and providing information about ways to conserve and protect it” 
 (http://www.bbg.org/).   
 The BBG, true to its mission, offered children many opportunities for plant experiences.  
Their Children’s Garden program has been duplicated by many botanical gardens around the 
world. This program provided children, ages 4 - 13, with opportunities to learn botany concepts 
and sustainable gardening skills as they plant and maintain crops. The BBG Garden Apprentice 
Program (GAP) gave children, ages 14 - 17, opportunities for personal growth and career 
development in horticulture. Discovery carts, facilitated by the Garden Apprentice Program 
(GAP) teens, rolled around the garden providing educational plant lessons for children. The BBG 
Education Department also so offered numerous workshops and tours for teachers and school 
groups throughout the year. The Discovery Garden offered children, ages 3 - 6, many 
opportunities for free explorations with natural elements (http://www.bbg.org/). 
 
Figure 3.2. Orientation Crescent at the entrance to the BBG Discovery Garden 
The BBG’s Discovery Garden opened in 1996 as the BBG’s newest addition to children’s 
garden experiences. The Orientation Crescent (Figure 3.2) invited children to start their 
adventure in the 13,000 square foot adventure garden. This adventure garden included three 
zones; each designed for different aged children (1-12 years) and their families. In the garden 
children were encouraged through interpretive signage to explore and enjoy plants directly, using 
all of their senses.    
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The BBG’s Discovery Garden was divided into four zones: (a) Orientation Crescent / 
Sensory Beds, (b) Toddler Area, (c) Children’s Discovery Zone, and (d) Family Nature Trail. 
Visitors entered and exited the Discovery Garden through one gate in the Orientation Crescent 
(Figure 3.2). As children came through the gate, their exploration of the Discovery Garden began 
in the Orientation Crescent; here they were guided through sensory experiences with plants 
through colorful signage. Branching off from this zone was the Toddler Area, designed 
especially for toddlers, three years and younger. It was an enclosed area that was carpeted with 
soft grass so the youngest children could safely crawl and roam in the midst of plants. The 
Children’s Discovery Zone, the largest zone in the garden, was designed for safe independent 
play and experiential learning for children, ages 3 - 6 years. Whereas, the Family Nature Trail 
was designed for independent play in a natural woodland setting for older children, ages 7 -12 
years, and families (Garfinkel, 1995). The participatory garden features of each zone were 
described in detail in Table 3.3; including the objectives, signage, the included elements, and the 
developmental needs it met. The developmental needs represented both inductive and deductive 
themes generated during the content analysis of the interview data and were themes that were 
derived from previous research on children’s gardens (Tai et al., 2006). 
Table 3.3 
Participatory Garden Features of the Discovery Garden at the BBG 
Zone 1. Orientation Crescent /Sensory Beds 
Participatory garden feature Feature objective Signage Element & 
developmental need 
 
Sensory Planter 
Planters encourage 
young children to 
explore  & discover 
using their senses, 
learn about plants, 
and appreciate 
nature. 
Prompts. 
“Look Here! 
Count all the colors 
that you see. 
Did you know how 
Colorful plants can 
be?” 
Sensory Experiences 
Plants 
Bright Colors 
Child’s Scale 
?
? ? ? ?
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(Table 3.3 continued)?
 
Rainbow Garden / Mini Farm 
(Courtesy of BBG)  
Children discover 
their favorite 
vegetables growing. 
Children are invited 
by staff to taste 
vegetables. 
Welcome sign  
& Plant labels 
 
Plants: Vines  
Vegetable Plots 
Vertical Structure (arch) 
Child’s Scale 
Zone 2. Toddler Area 
Toddler Area 
Place for families 
and groups to 
gather, relax, and 
read stories together 
(The garden staff 
supplies books and a 
mat every day.) 
“Here is a place for 
babies and toddlers to 
explore.  Encourage 
them to safely touch 
and smell the plants.” 
Grassy Area 
Sensory Experience 
Social Place 
Plants: Perennial Flowers 
Active Play 
Child’s Scale
Zone 3. Children’s Discovery Zone (Meadow & Nature Toys) 
 
Meadow w/ Berry Border and 
Butterfly Border 
Pre-science 
Activities: 
Observing & 
inferring 
Plant labels, prompts 
& Interpretive 
graphics: (e.g. “What 
Do Butterflies Do at 
Flowers? They sip 
sweet juice called 
nectar.”) 
 
Path  
Wildlife 
Bright Colors  
Plants 
Signage 
Sensory Experience 
Active Play 
 
Butterfly Chair w/ Binoculars 
Pre-science 
Activities: 
Observing & 
inferring 
“Look out! 
What’s going on in 
the Children’s 
Garden.” 
Plants 
Seating  
Child’s Scale  
Bright Colors 
Wildlife 
Sculpture 
Active Play  
 
Spider’s Maze (Courtesy of BBG) 
Visit and explore a 
maze created with 
plants
None Plants: Annual Flowers 
Child’s Scale 
Bright Colors
Topiary  
Maze 
Path 
Active Play 
?
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(Table 3.3 continued)?
 
Hide-Out Tree
Retreat
 
“Hide-Out” Tree Retreat Enclosure 
Seating (Child Scale) 
Plants: Trees  
Creative Play 
 
 
Nature’s Objects. Clipping Bin 
(Sticks, bark, seed pods)  
Experimentation 
with natural world 
that facilitates the 
science learning. 
Labels & Prompts Natural Loose Parts  
Child’s Scale 
Bright Colors 
Signs  
Wildlife  
 
Nature’s Objects. Clipping Bin 
(Sticks, bark, seed pods)  
Experimentation 
with natural world 
that facilitates the 
learning of science 
Labels & Prompts Natural Loose Parts  
Child’s Scale 
Bright Colors 
Signs  
Wildlife  
Pinecone Bin. (Various sizes and 
shapes of pinecones) 
Pinecone bin: 
various sizes 
species and shapes 
from different 
Experimentation 
with natural world 
that facilitates the 
learning of science 
Labels & Prompts Natural Loose Parts  
Child’s Scale 
Bright Colors 
Signs  
Seeds 
Wildlife  
 
Soil Dig Bin 
Experimentation 
with natural world 
that facilitates the 
learning of science 
Labels & Prompts Natural Loose Parts  
Child’s Scale 
Bright Colors  
Signs  
Plants 
Trellis
Plants: Vines  
Wildlife 
?
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(Table 3.3 continued)?
 
Water Table 
Experimentation 
with natural world 
that facilitates the 
learning of science 
Signage & Prompts. 
“These Plants Float 
Like Boats.” 
Loose Parts 
Water 
Plants 
Wildlife 
Active Play 
 
Zone 4. Family Nature Trail / Woodland 
Bus Entry to Nature Trail 
Provides attractive 
entrance for the 
nature trail. 
 
“Discovery Garden 
Woodland” 
Plants: Annuals  
Bright color 
Child’s Scale 
 
Bamboo Waterway 
Children can 
explore the cause 
and effect of their 
pumping actions 
and invent games 
to play with the 
water moving 
through the 
bamboo channel. 
 
None Water Feature 
Plants: Trees   
Child’s Scale 
Wildlife  
Path  
Woodland  
Natural Loose Parts 
Active Play 
 
Water Pump 
Children can 
explore the cause 
and effect of their 
pumping actions 
and invent games 
and explore water 
moving through the 
bamboo channel. 
 Directions for 
operating the pump 
Water Feature 
Child’s Scale 
Learning Station 
Path, Wildlife  
Plants: Trees 
Woodland 
Natural Loose Parts 
Active Play 
 
Family Nature Trail 
Trail encourages 
exploration and 
enjoyment of the 
natural 
environment 
through physical 
play and aesthetic 
awareness. 
Interpretive graphics 
along trail 
Plants: Trees  
Decaying Log 
Wildlife  
Path, Seeds, Tables  
Child’s Scale 
Water Feature 
Woodland 
Natural Loose Parts 
Active Play 
?
?
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The information in this table was compiled from the BBG Discovery Garden Concept and 
Overview Document (Garfinkel, 1995) and Discovery Garden Script (Garfinkel, 1996). Three 
pictures are from the BBG website, (http://www.bbg.org/discover/gardens/discovery_garden/), 
these were identified. The primary researcher took the other pictures. 
The goals of the Discovery Garden were: (a) “to create a range of unique settings in 
which children can play, learn, and enjoy plants, either independently or together with family 
members; (b) to offer experiences for young children that stimulate a child’s naturally 
developing affinity for and aptitude in science; (c) To offer experiences that lead to an 
appreciation of plants and nature, the foundation for a personal environmental ethic” (Garfinkel, 
1995). 
Garden developer, Garfinkel (1995) believed that a rich learning environment like the 
BBG’s Discovery Garden, full of the kinds of hands-on, open-ended experiences with the natural 
world, was essential for children’s cognitive development. Through these types of experiences 
children developed a foundation of science skills and knowledge and a bond with nature that 
would lead to an appreciation of plants and the environment (Garfinkel, 1995).   
Both quantitative and qualitative data were collected at the BBG’s Discovery Garden for 
three days (Friday, Saturday, and Sunday) in July. Friday morning observations were made of 
 (Table 3.3 continued)?
 
Stream (Courtesy of BBG)
Children can touch 
and experiment 
with water. 
Interpretive graphics 
along trail 
Loose Parts
Water  
Child’s Scale 
Woodland 
Active Play 
Path 
 
 
Science Tables 
Science tables 
encourage open-
ended 
investigation. 
Young visitors 
examine, measure, 
and compare   
natural objects. 
 
None Tables  
Child Scale 
Learning Station 
Plants: Trees 
Woodland 
Natural Loose Parts 
Active Play 
Path 
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children working in the historic BBG Children’s Garden. Since it was the last day of this 
gardening program session, families were in attendance at the garden. A family (father, mother, 
& son) was interviewed, the parents indicated that all three of their children had participated in 
the BBG Children’s Garden summer gardening programs and that; their youngest child was 
attending the current session. Observations were conducted in the Discovery Garden of five 
families on Friday afternoon; field notes were taken on behaviors of different aged children and 
their interactions with their parents.   
Visit frequency data of children visiting the different participatory garden features were 
collected on Saturday from 12:00 - 4:00, since this time was a high visitation time for this 
garden. Saturdays were also free admission days at the BBG, which increased the attendance. 
The primary researcher and another trained researcher collected visit frequency data of the 
children’s visits to each garden feature. The garden was visually divided in half, and then each 
researcher observed the frequency of visits by children to the garden features that were in their 
field of vision. The protocol followed by the researchers was to count a child’s first visit to each 
garden feature as a visit and repeat visits were counted as revisits. The Discovery Garden 
horticulturist and one family (mother, daughter, and son) were observed and interviewed on 
Saturday morning. On Sunday no data were collected due to heavy rain and low attendance. 
Therefore, no interview data were collected for this children’s garden.   
3.10.2 Garden Setting 2. The Helen and Peter Bing Children’s Garden at the Huntington 
Botanical Gardens 
 
 The Huntington (HBG) was founded in 1919 and was located on 207 acres in San 
Marino, CA with the botanical gardens occupying 120 acres. The Huntington was a collections-
based research and educational institution that claimed the largest and most complete research 
library, art collections, and botanical gardens. The Huntington Botanical Gardens was known for 
its rare and exotic plant collections and its program to protect and propagate endangered plant 
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species, including the Amorphophallus titanum, or the odiferous "corpse” flower. More than 
14,000 different varieties of plants were showcased in over a dozen gardens, covering 120 acres 
of the grounds. These gardens included a Desert Garden, Japanese Garden, Chinese Garden, and 
Rose Garden. Fees to enter the Huntington included: Adults are $15; Youth, ages 5 - 11 years, 
are $6; Child, under 5 years, were free. However, the first Thursday of the month was a free 
admission day for everyone. There was no additional fee for Children’s Garden 
(http://www.huntington.org/default.aspx).   
 “The Mission Statement … is based on Henry E. Huntington’s legacy of renowned 
collections and botanical gardens that enrich the visitor. The Huntington today encourages 
research and promotes education in the arts, humanities, and botanical sciences through the 
growth and preservation of its collections” (http://www.huntington.org/default.aspx).  
   The Huntington Botanical Gardens continued its mission to educate by offering children 
several options for plant experiences: (a) the Rose Hill Foundation Conservatory of Botanical 
Science, designed for middle school aged children, offered hands-on experiences that taught the 
fundamentals of botany using the real tools of science (microscopes, video camera, etc.); (b) 
Children Workshops allowed children opportunities to learn from experts and try projects such 
as bonsai trees; (c) the Helen & Peter Bing Children’s Garden offered exploration opportunities 
at a scale just for small children (ages 2-7); (d) the Plant Discovery Carts that were found around 
the gardens every Saturday, engaged children in hands-on activities and exploration of nature 
and landscape; (e) Kids’ Crafts Class was conducted the first Saturday of each month around the 
gardens. This class provided fun and creative ways for children to learn about The Huntington 
(The Huntington, n.d.). 
 The Huntington Press has produced several children’s books including Huntington for 
Kids, which introduced young readers and their parents to the Huntington’s collections of books, 
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art, and plants and The Children's Garden Book: Instruction, Plans & Stories: a Voice from a 
Gentle Age which was a book of plans for whimsical gardens for children  
(http://www.huntington.org/huntingtonlibrary_bookspublications.aspx?cat=books%20for%20chi
ldren). 
 
 
Figure 3.3. Helen and Peter Bing Children’s Garden Entrance  
The Helen and Peter Bing Children’s Garden, an adventure garden designed for children, 
ages 2- 7 years, opened in 2004. This garden provided young children with hands-on experiences 
that allowed them to explore the scientific principles related to the ancient elements of earth, fire, 
air, and water; a common theme in adventure playgrounds.  
Child-sized footprints in the sidewalk led children an inviting entrance, Figure 3.3. 
Beyond the entrance gate was a myriad of sensory experiences. The garden was subtly divided 
into four zones based on these ancient elements: earth (Magnetic Sand, Self-Centered Globe, and 
Pebble Chimes); fire (Rainbow Room, Topiary Volcano, and Prism Tunnel); air (Fragrance 
Garden and Fog Grotto); and water (Water Bells and Vortex, Sonic Pool, and Marble Jets) 
(http://www.huntington.org/huntingtonlibrary.aspx?id=486). The participatory garden features of 
each zone were described in detail in Table 3.4; including the objectives, the elements, and the 
developmental needs it met. The developmental needs represented both inductive and deductive 
themes generated during the content analysis of the interview data and were themes that were 
derived from previous research on children’s gardens (Tai et al., 2006). 
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 There was minimum signage in the Children’s Garden since the majority of the children 
visiting the garden are pre-readers (Connelly, personal communication, September 19, 2011). 
There was one entrance and exit gate for visitors and two unlocked gates that were used by 
garden staff.  
Table 3.4 
Participatory Garden Features of the Helen and Peter Bing Children’s Garden at the HBG 
?
?
?
?
?
?
Participatory garden feature Feature objective Signage Element &  developmental need 
Theme 1. “Fire yields light and heat, demonstrated through the power of sunlight 
whose energy plants use to create the food.” 1 
 
Prism Tunnel 
 
View colorful 
spectrum of light 
There is limited 
signage in the 
Children’s Garden. 
 
However, there is an 
interpretive brochure 
available for visitors. 
 
Child’s Scale 
Bright Colors 
Plants 
Retreat Enclosure 
Sensory Experience 
Place to Cool Down 
Social Place 
 
(Inside the Prism Tunnel) 
 
 
Children observe the 
colors of the rainbow. 
None  Bright Colors 
Plants 
Child’s Scale 
Retreat Enclosure 
Sensory Experience 
Place to Cool Down 
Social Place 
 
Topiary Volcano 
Shady refuge for 
children 
 
 
 
 
 
 
None Topiary 
Vertical Structure 
Water Feature 
Retreat Enclosure  
Sensory Experience 
Child’s Scale 
Place to Cool Down 
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 (Table 3.4 continued) 
Theme 2. “Water gives movement to our lives and the world around us. 
Plants take water in through their roots and lose it through their leaves.”  
 
Sonic Pool 
 
Children feel 
vibrations and see 
them create waves and 
ripples in the basin 
None Water Feature 
Loose Parts: Water 
Sensory Experience 
Seating (Adult Scale) 
Shade  
 
Marble Jets 
 
Children observe and 
experiment with 
grape-sized spurts of 
water as they propel 
through the air. 
None Water  
Plants 
Shade 
Sensory Experience 
Child’s Scale 
 
Topiary House 
None Listed None Retreat Enclosure 
Plants: Vines 
Vertical Structure 
Topiary 
Creative Play 
Child’s Scale 
Theme 3. “Earth is soil, rock, pebbles, stone, and metal. 
The Earth is where plants root and where they get their nutrients.” 
 
Magnetic Sand 
Children create 
interesting shapes as 
they experiment with 
the interaction of force 
fields. 
None Sensory Experience 
Loose Parts (Magnetic     
Sand) 
Child’s Scale 
Creative Play 
 
Self-Centered Globe 
Children observe 
shadows and hear on 
the globe. 
None Sculpture 
 Rock 
?
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(Table 3.4 continued)?
 
Pebble Chimes 
Children compose 
their own sounds in 
interplay of materials 
and physics. 
None Loose Parts Rocks 
Sensory Experience 
Active Play 
Theme 4. “Air is a forgotten substance, until it is made visible by fog or smoke.  But the atmosphere is the 
Greatest nutrition source on Earth, providing all of the carbon dioxide plants require to make food.” 
 
Fragrance Garden 
Gentle aromas waft 
through this formal 
passageway planted 
with citrus, rosemary, 
lavender, and other 
fragrance-rich plants. 
Children smell flowers 
and leaves. 
None Plants 
Sensory Experience 
 
Fog Grotto 
Children experience 
water vapor as it flows 
and fills the grotto. 
None Water Feature 
Sensory Experience 
Plants 
Place to Cool Down 
The information in these tables was compiled from the Huntington website 
(http://huntington.org/huntingtonlibrary.aspx?id=486) and The Helen & Peter Bing Children’s 
Garden at The Huntington brochure. 
 
 The goal of the Helen and Peter Bing Children’s Garden is “Inviting youngsters to enter 
and explore, the Helen and Peter Bing Children’s Garden opens up endless pathways to 
discovery” (The Huntington, n.d.). The Helen & Peter Bing Children’s Garden provides young 
children with hands-on experiences that demonstrate scientific principles related to the ancient 
elements of earth, fire, air, and water. 
 Both qualitative and quantitative data collection was conducted noon to 4:00 pm on 
Monday, Wednesday, Thursday, and Friday. There was no data collection on Tuesday due to the 
gardens’ closure on Tuesdays. Visit frequency data of the number of children’s visits to each 
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participatory garden feature was collected on Wednesday by the primary researcher and another 
researcher. Similar to the procedure used at the BBG Discovery Garden, the garden was visually 
divided in half and each researcher observed the frequency of visits by children to the 
participatory garden features that were in their field of vision. The researchers also recorded field 
notes of children’s behaviors observed at the participatory garden features. The protocol 
followed by the researchers was to count a child once at each garden feature. The primary 
researcher trained the other researcher on observation skills such as unobtrusive observing and 
recognizing distinguishes features (shirt color, hair color, age) for count accuracy. 
 Twenty-two participants (9 girls, 5 boys, and 8 moms) were interviewed and / or 
observed in the garden on the three days of mixed method data collections. During the 
observations of the children in the gardens, timed movement data were recorded by the primary 
researcher. Once parental or guardian consent was obtained, the children were asked to sign a 
child assent form and interviewed. During the interview, the children were questioned about the 
participatory garden features, given a plant concepts test, and an attitude scale on plants. Their 
parents or guardians were also interviewed. Children that were too young to be interviewed were 
observed during their garden visit. Their parents were interviewed and asked about their child’s 
experiences in the garden. The primary researcher conducted and recorded all interviews 
3.10.3 Garden Setting 3. The Doris I. Schnuck Children’s Garden at the Missouri Botanical 
Garden 
 Founded in 1859, the Missouri Botanical Garden (MoBot) claimed to be the nation’s 
oldest botanical garden in continuous operation. Occupying 79 acres in St. Louis, MO, it is a 
center for botanical research and science education. The MoBot offered visitors beautiful 
horticultural displays, including a 14 acre Japanese strolling garden, a water lily garden, a rose 
garden, Henry Shaw’s original 1850 home, and one of the largest collections of rare and 
endangered orchids. The MoBot has 34 theme gardens. The entrance fees were: Adults that are 
129
St. Louis residents pay $4; all other adults pay $8; children, ages 12 and under, are free. 
Additionally, there are fees for admission to the children’s garden: non-members’ children pay 
$6 and members’ children pay $3. However, St. Louis City residents get free admission to the 
children’s garden on Wednesdays and Saturday mornings, Tuesdays are free all day for garden 
members’ children and grandchildren. The MoBot’s mission is "To discover and share 
knowledge about plants and their environment, in order to preserve and enrich life" 
(http://www.mobot.org/mobot/research/). 
The Missouri Botanical Garden offers children of all ages many varied opportunities to 
learn about plants. These opportunities include: (a) Great Green Adventures: Drop-in activities 
(designed for ages 6-12) are held on the third Saturday of each month. Children Learn about 
plants, nature, and green living through hand-on activities, journaling, stories and games; 
(b) Germination Stations: Interpreter-led activities at seven stations in the Children’s Garden; 
(c) Family Backpacks: Families may check out a Family Backpack. The backpacks are filled 
with hands-on activities for children to complete with an adult throughout the Missouri Botanical 
Garden; (d) Birthday Parties: Children their birthday party at the Children’s Garden; and (e) 
Doris I. Schnuck Children’s Garden: A Missouri Adventure: Free exploration integrating the 
history of Missouri and plants. 
 (http://www.missouribotanicalgarden.org/learn-discover/youth-families/just-for-kids.aspx). 
 
Figure 3.4. Settler’s Path at the Doris I. Schnuck Children’s Garden 
The Doris I. Schnuck Children’s Garden (Figure 3.4) was a two-acre adventure garden 
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that opened in 2006. It offered children, ages 12 and under, opportunities to explore both the 
history of Missouri and natural elements including plants. Many of the participatory garden 
features were designed to demonstrate to children how the early settlers of Missouri depended on 
and interacted with plants and nature. The Fun with Finn Guide (MoBot, n.d.) divided the garden 
into four main paths with varied ecosystems: a wetland, prairie, woodland, pond, river, and cave 
(http://www.mobot.org/press/Assets/FP/childrens_garden.asp). There was one gate in the 
children’s garden that served as an entrance and exit. The ticket fort was located at this gate; here 
tickets for admission were bought, guides were distributed, and adventure backpacks could be 
picked up.  
The Adventurer's Path started with a Spelunker's Slide into a Missouri "limestone cave" 
where children could imagine what a subterranean environment looks like. This path included an 
exploration of river life with a chance to "pilot" a steamboat with a working paddle wheel like 
the one that plied the Mississippi and Missouri Rivers long ago. Children could also watch for 
birds and other wildlife in the wetland ecosystem. 
(http://www.mobot.org/press/Assets/FP/childrens_garden.asp).  
The Botanist's Path boardwalk led into a canopy of Osage orange trees planted by 
Missouri Botanical Garden founder Henry Shaw more than 150 years ago. This path led to the 
Tree Trunk Pavilion where many parents and guardians rested as the children played. Further 
down this path visitors were treated to a birds-eye view of the children's garden in the Tree 
House (http://www.mobot.org/press/Assets/FP/childrens_garden.asp).    
The Settler's Path led visitors to a small village that represented an 1800's prairie town. 
The General Store displayed how settlers used plants for food, medicine, and clothing. The 
town's old log jailhouse kept invasive plants locked up while "Wanted" posters identified 
invasive plants for children. The cemetery behind the jail displayed tombstones of endangered 
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Missouri plants that reminded children that extinction is forever 
(http://www.mobot.org/press/Assets/FP/childrens_garden.asp). 
On Discoverer's Path visitors repeatedly tested their balance as they crossed rope bridges 
over and over. Down the path, children operated a series of locks to regulate the water flow in 
the Children's Garden River (http://www.mobot.org/press/Assets/FP/childrens_garden.asp).  
The Children's Garden Nature Explore Classroom offered very young children a chance 
to free play with natural materials and climb over hay bales. This outdoor classroom was divided 
into areas devoted to nature art, music, natural materials, and building materials 
(http://www.mobot.org/press/Assets/FP/childrens_garden.asp). The participatory features on the 
four paths are described in detail in Table 3.5. 
 The mission statement of this children’s garden states,  
 The Missouri Botanical Garden’s Doris I. Schnuck Children’s Garden: A Missouri 
 Adventure reflects the Garden’s leadership role in connecting children with plants and 
 nature. By providing a safe, nurturing, and enriching environment for outdoor play, the 
 Children’s Garden contributes to healthy child development. Through its thoughtful  
 design and cutting-edge educational programming, the Children’s Garden introduces 
 children at their most impressionable ages to the significance of plants and nature in fun, 
 engaging, and innovative ways. (http://www.stlsprout.com/places/the-dirt-on-the-doris-i- 
 schnuck-children-s-garden). 
 The Doris I. Schnuck Children’s Garden since its opening in 2006 has attracted thousands 
of new visitors, significantly enriched the visitor experience, and provided educational value. It 
has also played a key role in achieving the Garden’s strategic objectives in the areas of 
education, horticulture, and visitor experience (http://www.stlsprout.com/places/the-dirt-on-the-
doris-i-schnuck-children-s-garden).  
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Table 3.5 
Participatory Garden Features of the Doris I. Schnuck Children’s Garden at the MoBot 
Participatory garden feature Feature objective Signage Element &  developmental need 
Settler’s Path. Meander down Settler's Path with its covered bridge leading to a small village  
representing an 1800’s prairie town. 
 
Nature Explore Classroom 
Dance to your own 
tune in this creative 
outdoor classroom 
designed to promote 
unstructured play in 
the out-of-doors. 
Labels. Plants 
Natural Loose Parts 
Sensory Experience 
Child’s Scale 
Tables 
Active Play 
Creative Play 
 
 
Splash 
 
Dodge your way 
through the fountains. 
Hop on the jumping 
jets and soak your 
friends. Splash is the 
way to beat the 
Missouri heat! 
Informational with 
prompts: 
“Pump the handle! 
Pretend that you are 
sending water through 
the leaves of a plant;” 
 
Why is water coming 
out of those leaves?” 
 
Plants 
Water Feature 
Sensory Experience 
Child’s Scale 
Active Play 
Place to Cool Down 
 
General Store 
 
Step into the General 
Store and explore how 
we use plants 
everyday for our food, 
clothing and 
medicines. 
 
Informational: 
Signs with prices from 
the 1800’s 
 
Loose Parts 
Child’s Scale 
Social Place 
Creative Play 
 
Town Hall 
 
Listen to a story. The 
Town Hall is the place 
to be for fun and 
educational Children’s 
Garden events. 
 
Informational: 
Information about 
town life in  
Social Place 
Seating  
Child’s Scale 
?
?
?
?
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(Table 3.5 continued) 
 
Family Plot 
Head out through the 
back door and learn 
what you can do to 
help Missouri’s 
endangered plants. 
Informational: 
“Plants in Peril!
The plants on these 
headstones are in 
danger! There are only 
a few of them left in 
the whole state of 
Missouri. We need to 
help these important 
plants before they all 
disappear.” 
Plants 
Sculptures
Jail 
Step inside to learn 
why these “bad” plants 
are under lock and 
key.  
Informational: 
“Wanted! 
Dandelion 
Known by many 
names around the 
world. This one is a 
real quick-change 
artist! He pops up in 
lawns, fields, 
meadows, roadsides, 
and even cracks in 
sidewalks. 
This dandy is a real 
drifter! 
 
Plants 
Retreat Enclosure 
Child’s Scale 
 
Botanist’s Path. The Botanist's Path boardwalk leads into a canopy of Osage orange trees planted  
by Missouri Botanical Garden. Founder Henry Shaw more than 150 years ago. 
 
Tree Pavilion Root Zone 
(Swings) 
Children Swing on the 
roots of trees. 
“You’re stepping on 
my roots.” 
Signage about the 
importance of the 
tree’s roots. 
Plants 
Retreat Enclosure 
Sensory Experience 
Child’s Scale 
Active Play 
 
 
Tree House 
Want a bird’s eye 
view of the children’s 
garden? Climb up the 
steep steps of the tree 
house. What hidden 
treasures did you find 
along the way? 
Label identifying 
feature and donor. 
Tree House 
Retreat Enclosure 
Child’s Scale 
Active Play 
?
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(Table 3.5 continued)?
 
Pollination Garden 
Bells will chime as 
you fly around like a 
busy bee, bird, or 
butterfly from flower 
to flower gathering 
pollen! 
Prompts & 
Informational: 
“Humm…what bird 
pollinates flowers?” 
 
“What pollinator starts 
as a caterpillar?” 
“Caterpillars are picky 
eaters!” 
Sensory experience 
Child’s Scale 
Bright Colors 
Active Play 
 
Beehive 
Step inside a life-size 
beehive to see what 
honeycomb looks like! 
Can you follow the 
fancy footwork 
outside the hive to do 
the bee dance? 
Prompts: 
“Can you dance like a 
bee?” 
(Instructions and 
diagram showing how 
to do the bee dance) 
Retreat Enclosure 
Child’s Scale 
Active Play 
 
Secret Garden 
Your last stop on the 
botanist’s path takes 
you to a “trick” gate 
that leads you into the 
Secret Garden. 
Label: 
“Marmee’s Garden” 
Plants
Retreat Enclosure 
Child’s Scale 
 
 
Rope Bridge 1 
Test your balance as 
you make your way 
down the rope bridges. 
Which bridge one is 
more challenging? 
None Bridge 
Plants: Trees 
Child’s Scale 
Active Play 
 
Rope Bridge 2 &3 
Test your balance as 
you make your way 
down the rope bridges. 
Which bridge one is 
more challenging 
None Bridge 
Plants: Trees 
Child’s Scale 
Active Play 
?
?
? ? ?
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Discoverer's Path. Discoverer's Path explores life among the Osage and shows how early prairie dwellers  
interacted with plants and animals. Rope bridges test the adventurer's balance and coordination. 
 
Locks & Dams 
 
How do locks and 
dams control the 
mighty Mississippi 
river? Find out for 
yourself as your 
maneuver a barge or 
boat through these 
mini locks and dams. 
Informational:  
“Life on the 
Mississippi” 
“The Mississippi is 
well worth reading 
about. It is not a 
commonplace river, 
but on the contrary is 
in all ways 
remarkable.” 
Gives facts about the 
Mississippi River. 
 
Loose Parts 
Water 
Child’s Scale
Active Play 
 
Steamboat 
Pretend that the 
Children’s Garden 
River is the Mighty 
Mississippi. Steer the 
steamboat through the 
river, avoiding any 
snags, or fallen trees. 
Don’t forget to check 
out the paddle wheel. 
What do you think a 
paddle wheel is used 
for? 
Informational & 
Prompts: 
“When I grow up I 
want to run a boat like 
that!” Samuel 
Clemens’ boyhood 
dream came true.” 
 
“Stand on the levee 
and pretend you are 
waiting for a 
steamboat.” 
Water 
Retreat Enclosure 
Child’s Scale
Active Play 
Creative Play 
 
Logging Camp 
(http://www.flickr.com/photos/
mbgarchives/4464281495/) 
Climb to the top of the 
log stack. Look for 
steamboats coming 
down the river. Logs 
like these were burned 
to fuel the boat’s 
powerful steam 
engines. 
Label identifying the 
name of feature and 
donor. 
Logs 
Active Play 
Adventurer’s Path. The Adventurer's Path starts with a Spelunker's Slide 
 into a Missouri limestone cave and explore river life. 
 
Spelunker’s Slide 
 
Slip and slide down 
Spelunker’s Slide to 
the entrance of the 
Children’s Garden 
cave. 
Label: 
“Spelunker’s Slide” 
 
Rocks 
Plants 
Active Play 
?
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Wetlands 
Walk out onto the 
dock. Look around at 
the Oxbow Lake 
created by the beaver 
dam. Water-loving 
plants line the banks 
of the pond and attract 
many different types 
of animals. What 
animals can you find 
hiding in the swamp?
Prompts & 
Informational:  
“Are humans the only 
builders?” 
“No, Animals are 
great builders! 
 
“Look around you! 
Can you find the 
beaver dam?” 
Plants  
Wildlife  
Path 
Water 
 
Frontier Fort 
 
Climb up to the top of 
the Frontier Fort. 
Scope out all of the 
exciting play areas in 
the Children’s Garden 
that you haven’t 
explored! 
Label:  
“Frontier Fort” 
Tree House 
Child’s Scale 
Active Play 
This information was compiled from the MoBot website:(http://www.mobot.org/finn/map.asp) 
and (http://www.mobot.org/press/Assets/FP/childrens_garden.asp)  
The Log Climb picture was retrieved from the Missouri Botanical Garden’s photostream: 
(http://www.flickr.com/photos/mbgarchives/4464281495/) 
The Doris Schnuck Children’s Garden was a large garden, filled with mature trees and 
shrubs. This hindered the visibility of the children during their visits to participatory garden 
features. The children were quickly lost behind the trees and shrubs of the garden, making it 
almost impossible collect the time movement data. Therefore, timed movement data of the 
children’s exploration of the garden was limited.  
(Table 3.5 continued)?
 
 Cave 
Just like Tom Sawyer 
and Huckleberry Finn, 
you can explore the 
dark depths of a cave. 
What signs of life do 
you see? What animals 
do you think live in a 
cave? How can you 
tell people from long 
ago have been in the 
cave? 
Prompts & 
Informational: 
“The Lewis and Clark 
Expedition” 
“We found a cave…” 
“Who’s ready for the 
cave adventure?” 
 
“What forms of nature 
can you find hidden in 
the cave?” 
Retreat Enclosure 
Child’s Scale 
Place to Cool Down 
Place to Explore 
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Visit frequency data were collected during a four-hour period (11:30 am-3:30 pm). Three 
researchers were needed to collect this data due to the limited visibility in the garden. The three 
researchers visually divided the gardens in thirds.  Each researcher observed the frequency of 
visits by children to the participatory garden features that were in their field of vision. The 
researchers also recorded field notes of children’s behaviors observed at each participatory 
garden features. This data were collected on one day, Wednesday, August 12, a free admission 
and high attendance day for the Children’s Garden. The training and protocol used at the other 
gardens were also followed at this garden. Children’s first visits were counted as a visit, repeat 
visits were counted as revisits. 
The qualitative interviews were conducted a little differently in this garden. The same 
interview instruments and attitude scale used at the other gardens were used; however different 
visuals were used for the plant principles test. Instead of the black and white picture of a wetland 
(Appendices 13) ecosystem used at the other gardens, children identified images of animals, 
rocks, clouds, water, etc. as living or non-living objects (Appendices 14). Also, the children 
ranked photographs of each participatory garden feature from most favorite to least favorite. This 
process was recorded on a digital recorder during the children’s interviews. 
Twenty-four participants were interviewed: two Grandmothers, six Mothers, 11 boys, and 
five girls. These twenty-four participants represented nine family units. The two Grandmothers 
were the paternal grandmother and the maternal grandmother of two of the children, but they 
were counted as two family units because their meeting was pure coincidence.  
3.10.4 Garden Setting 4. The Everett Children’s Adventure Garden at the New York 
Botanical Garden 
 
 The New York Botanical Garden (NYBG) occupies a 250-acre site in the Bronx, 
including 40 acres of pre-settlement forest with trails and 24 themed gardens. The NYBG, 
founded in 1891, is a museum for plants, a center for horticultural and environmental education, 
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and a research facility. Entrance fees include: Adults who are Bronx residents pay $5; all other 
adults pay $6; Children, ages 2-12 years, pay $1; Children under 2 years are free; grounds 
admission is free to everyone all day on Wednesdays and from 10 a.m. to 12 p.m. on Saturdays.  
There is a $1.00 additional charge for Everett Children’s Adventure Garden 
(http://www.nybg.org/visit/pricing.php).  
The New York Botanical Garden’s International Plant Science Center, located at the 
main gates of the garden, is a leader in plant research and exploration. Its mission is to catalog 
the world’s plant diversity before it is lost to the deforestation and degradation of natural 
habitats. The Center is also one of the few institutions worldwide with the resources, collections, 
and expertise to develop the information needed to understand plant evolutionary relationships 
and manage plant diversity (http://www.nybg.org/about/mission_and_history.php).  
The mission of the NYBG is to be “ . . . an advocate for the plant kingdom. The Garden 
pursues its mission through its role as a museum of living plant collections arranged in gardens 
and landscapes across its National Historic Landmark site; through its comprehensive education 
programs in horticulture and plant science; and through the wide-ranging research programs of 
the International Plant Science Center” (http://www.nybg.org/about/mission_and_history.php).  
 Children of all ages can participate in a wide range of classes and activities at the NYBG. 
These opportunities include: (a) The Green School which offers children hands-on inquiry based 
lesson with plants, followed by garden excursions; (b) The Ruth Rea Howell Family Garden 
program teaches children about nature through gardening; and (c) The Everett Children’s 
Adventure Garden provides opportunities for children to explore plant science through hands-on 
experiences (http://www.nybg.org/edu/childrens_garden.php). 
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Figure 3.4 The Everett Children’s Adventure Garden Entrance  
(http://www.nybg.org/gardens/test_garden.php?id_gardens_collections=64) 
 
 The Everett Children’s Adventure Garden opened in 1998. The children entered the 
children’s garden through a large arbor draped with colorful streamers (Figure 3.4). Located at 
this garden gate was a facilitated welcoming station where children and parents paid a $1 to enter 
and picked up a guide. This guide provided both a map of the children’s garden and prompts for 
inquiry throughout the garden (http://www.nyby.org/gardens/test_garden.php?id_gardens_ 
collections=64).  
 Inside the garden colorful signs led children, ages 2-12 years through 12 acres of indoor 
and outdoor natural experiences with plants. The garden extended along a main paved path with 
numerous participatory garden features on both sides, such as boulder and hedge mazes and the 
natural Adventure Trail. The Guide to the Everett Children’s Adventure Garden divided the 
garden into four outdoor galleries where children participated in different aspects of plant 
science. These galleries include: Astor Gallery / Sun Central; Sulzberger Meadow Gallery / Life 
Cycle Lane; Heckscher Foundation Gallery / Plant Part Paradise; and Con Edison Gallery / 
Habitat Hub. The Steere Discovery Center, houses a herbarium, greenhouse, and lab where 
children look at plants through microscopes and participate in other guided plant activities. The 
children exited the garden past the Con Edison Gallery / Habitat Hub to other parts of the New 
York Botanical Garden. The participatory garden features in each gallery are described in detail 
in Table 3.6. 
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Table 3.6 
Participatory Garden Features of the Everett Children’s Adventure Garden at NYBG 
Adventure Trail 
Participatory garden feature Feature objective Signage Element & 
 developmental need 
 
Boulder Maze 
 Inviting children to 
climb and play on the 
boulders in the maze. 
At the top of the maze 
the children look 
through the telescope 
at the garden. 
 Label:  
“Boulder Maze” 
Rocks 
Maze 
Plants 
Active Play 
Plants 
 
 Natural Seating 
Inviting children to sit 
on natural stumps. 
Children look for the 
stump with a red 
handle, and lift it to 
see what lies beneath.” 
Label: 
“Natural Seating” 
Plants: Trees 
Seating  
Child’s Scale 
Bright Colors 
Social Place 
 
Sulzberger Meadow Gallery / Life Cycle Lane  
 
Bee Eyes  
Invites children to 
look through a bee 
model to see how the 
bee’s eyes help them 
eat. 
Informational: 
“How do bees’ eyes 
help them see?” 
Sculpture 
Bright Colors 
Plants 
Wildlife 
Child Scale 
 
Fruit & Seed Cart 
Inviting children to 
check out the Fruit and 
Seed Cart for a closer 
look at some 
fascinating fruits and 
surprising seeds.  
Informational: 
“What makes a fruit a 
fruit?” 
“What’s a fruit?” 
“What’s a vegetable?” 
“What’s a nut?” 
“What’s a bean?” 
Loose Parts 
Plants 
Seeds 
Bright Colors 
Active Play 
Wildlife 
Child’s Scale 
 
Cattail Seed Exhibit 
Seeds have many ways 
of getting to new 
places where they can 
grow. Children 
observe the cattail 
plants and try the 
nearby exhibit to find 
out how their seeds 
travel.  
Informational: 
“How do some seeds 
fly?”  
Seeds 
Bright Colors
Plants 
Wildlife 
Active Play 
Child’s Scale 
?
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Pollinating Flowers
Flowers hold tiny 
grains of pollen. Birds, 
insects, wind, and 
water move the pollen 
from one flower to 
another. Invites 
children to use insect 
and hummingbird 
puppets to pollinate 
flowers. 
 
Informational:
“How do flowers get 
noticed?” 
Plants
Sculptures 
Bright Colors 
Wildlife 
Active Play 
Child’s Scale 
 
Butterfly Area 
Butterflies, birds, and 
bees are attracted to 
different kinds of 
flowers based on a 
flower’s color, shape, 
or scent.  
Invites children to spot 
butterflies, birds, and 
bees. 
Informational. Plants: Perennial Flowers, 
Grasses
Sculptures 
Seating 
Child’s Scale 
Wildlife 
Bright Colors 
Path 
Active Play 
 
Astor Gallery / Sun Central 
 
Frog Pond
Invites children to play 
and explore water.  
None Water Feature
Plants: Annual Flowers 
Bright Colors 
Active Play 
Child’s Scale 
Heckscher Foundation Gallery / Plant Part Paradise
Farm to House 
Invites children to play 
with food and explore 
the origin of common 
foods. 
None Loose Parts  
Retreat Enclosure 
Social Place 
Bright Colors 
Plants 
Creative Play 
Child’s Scale 
 
Plant Parts Towers 
(Courtesy of the NYBG) 
Invites children to 
explore the different 
parts of the plants. 
Children can invent 
their own plants by 
moving blocks on the 
towers. 
Informational: 
“Root” 
“Stem” 
“Leaves” 
“Flower” 
Plants 
Bright Colors 
Active Play 
Child’s Scale 
?
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Con Edison Gallery / Habitat Hub 
 
Pond 
Invites children to spot 
the plants and animals 
living in or on the 
pond. Children use a 
net to take a pond 
dipping for a close-up 
look at the tiny things 
that live in its waters.
Informational Water 
Plants 
Wildlife 
Active Play 
 
Touch Tank 
Invites children to 
explore the plants of 
the pond.  
Informational. 
“How do plants grow 
in water?” 
Water 
Plants 
Wildlife 
Active Play 
Wildlife 
Child’s Scale 
 
How Do Birds Recycle? 
Invites children to 
build their own nest 
out of materials that 
birds might use to 
build nests. 
 
Invites children to 
look for nests in the 
garden. 
Informational. 
“How do birds 
recycle?” 
Sculpture 
Plants: Trees 
Loose Parts 
Active Play 
Wildlife 
Child’s Scale 
The information in this table was compiled from the Guide to the Everett Children’s Adventure 
Garden and The New York Botanical Garden Explainer Document. One picture was taken from 
the NYBG website (http://www.nybg.org/gardens/test_garden.php?id_gardens_collections=64) 
The primary researcher took the other pictures.
During the afternoon hours, Explainers guided children through activities that included 
crafts with plants, nature journals, and catching frogs in the pond. The Explainers are middle 
through high school volunteers (ages 13-17) who facilitate the participatory garden features, 
explaining concepts such as pollination to the children as they act out pollination with giant 
flowers and bee puppets (NYBG).
The goals of the Everett Children’s Adventure Garden in the NYBG are (a) To create a 
setting where children explore basic scientific concepts and do plant science; (b) to 
deepen children’s knowledge and appreciation that plants are alive. Plants are living 
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 things that have life requirements, life processes, and their environments are always 
 changing; (c) to create innovative ways for children to interact with living plants and their 
 environments, using landscapes, interactive exhibits, signage, and Explainers; (d) to 
 encourage children to observe and enjoy the natural world which surrounds them (NYBG 
 Explainer Manual, n.d.).  
 The linear layout of Everett Children’s Adventure Garden made it impossible to observe 
more than one participatory garden feature at a time. Therefore, during the visit frequency data 
collection, the features were not observed continually like the other gardens, instead they were 
scanned every 10 minutes by the primary researcher. However, all children visits could be 
counted. Only the primary researcher conducted these counts from 12:00 - 4:00 pm on 
Wednesday, August 5. This was the weekly free admission day for the NYBG, however 
attendance was low. The same observational protocol used at the other gardens was also 
conducted at this garden; the researcher counted a child once at each garden feature unless 15 
minutes had passed between visits. 
 A total of 16 participants were interviewed, time movement studies were conducted on 
six participants. The 16 participants included three Mothers, three Dads, one Grandmother, one 
Grandfather, four boys, and four girls; and represented five family units. One of the families 
included a boy in a wheelchair; this family interview offered an opportunity to see how 
children’s gardens could facilitate children with special needs. 
 The interview procedure was similar to the procedure used at the other gardens. During 
the interview the children were questioned about the participatory garden features, given a plant 
principles test, and a plant Likert-like attitude scale. The children’s parents or guardians were 
also interviewed. 
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3.11 Summary 
 The purpose of this study was to observe and interview the children and their parents or 
guardians in four adventure gardens across the country to determine, from their perspective, if 
children became more aware and knowledgeable of plants as a result of their children’s garden 
visits. A mixed methods approach was used for data collection and analysis in this study. These 
methods included visit frequency and time movement observations, and interviews of both the 
children and their parents or guardian. The data results and analysis was used to develop an 
understanding of children’s experiences in children’s garden. The results and implications of 
these children’s garden experiences were addressed and explained in detail in the following two 
chapters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
145
CHAPTER 4.  
RESULTS 
 This chapter presents the results of both the quantitative and qualitative methods used to 
address the research question and objectives of this study. The results of this study were derived 
from both the quantitative and qualitative data collected from the stakeholders of this study: the 
children, ages 2-12 years, and the parents or guardians that accompanied them on their visits to 
one of the selected U.S. children’s gardens during the summer months. This chapter also 
provides a background of the children’s adventure garden experience and the methods and 
criterion used to assess the children’s science learning for greater understanding of the results of 
this study. 
 This chapter is organized similar to the methods section by reporting the results for the 
primary question and the objectives of the study. The results for each garden and the collective 
results of the four gardens’ data are presented for each objective. The quantitative results and the 
analytical process have been discussed first; these include the results from (a) visit frequency 
data, (b) timed movement data, and (c) attitude scale data along with any descriptive data that 
supports it.  
 The descriptive data include field notes of behaviors observed during the visit frequency 
and time movement data collection and comments made by the children during the 
administration of the attitude scale. The qualitative results and analytical process were then 
discussed; these results include (a) the narrative data from interviews of both the children, ages 
2-12 years, and the parents or guardians that accompanied them on their children’s garden visits 
and (b) the content analysis of the goals of the children’s gardens.   
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4.1 Research Question 
Do children’s gardens facilitate the development of an awareness and knowledge of plants in 
children? This study investigated children’s experiences in four children’s gardens to answer this 
question. The objectives of this study were:  
 (a) To determine which participatory garden features children visited the most in these 
 children’s gardens by recording the frequency of children’s visits and revisits to the 
 different participatory garden features. This objective would also be addressed during the 
 parents’, guardians’, and children’s interviews. 
 (b) To investigate whether the children became more aware and knowledgeable of plants 
 while visiting the different participatory garden features and to determine which 
 children’s garden participatory features were the least and most effective for developing 
 an awareness and knowledge of plants. This objective was addressed with the plant 
 attitude scale and plant principles test. These instruments were incorporated into the 
 children’s interviews. 
 (c) To determine if the garden stakeholders’ (children and parents or guardians) 
 perspectives on the children’s gardens aligned with the goals of the children’s garden set 
 by the botanical garden. This objective was addressed with a content analysis of each set 
 of children’s garden goals. Then the aspects of the goals were compared the observed 
 behaviors in the gardens. 
 The children’s gardens that served as the settings for this study were: (a) The Discovery 
Garden at the Brooklyn Botanic Garden; (b) The Everett Children’s Adventure Garden at the 
New York Botanical Garden; (c) The Helen and Peter Bing Children’s Garden at the Huntington 
Botanical Gardens; and (d) The Doris I. Schnuck Children’s Garden at the Missouri Botanical 
Garden. These gardens are classified as children’s adventure gardens. An adventure garden is a 
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children’s garden within a fenced enclosure that integrates plants and other natural elements into 
participatory garden features. In adventure children’s gardens, children participate in free choice, 
unstructured, and open-ended play involving natural elements. The philosophy that inspired the 
design of these children’s adventure gardens acknowledges that play is a vital part of the healthy 
emotional, cognitive, and physical development of children (Shier, 1984). “Children get to 
choose their play; they are not limited by static play equipment or by preplanned activities” (Tai 
et al., 2006, p. 97).  
  True to this philosophy, the children who visited these gardens were observed playing at 
the participatory garden features on a self-guided agenda: choosing which participatory garden 
features they visited; how they participated with it; the order they visited and revisited the 
participatory garden features; and the time that they spent at each of these features. On the other 
hand, the parents and guardians of the visiting children were observed exhibiting two different 
behaviors at these children’s gardens. They either followed their children very closely around the 
garden or sat at a near distance watching their children play at the participatory garden features.  
 At the conclusion of their visits, both the children and parents were interviewed. The 
children were asked about their experiences in the children’s gardens: which participatory garden 
features they liked the best, if they learned about plants in the garden, and questions about plant 
experiences beyond the children’s garden. They were also administered a plant principles test 
and a plant attitude Likert-like scale during this interview. During the parent interview the 
parent’s were asked about their children’s experiences in the garden, for example, what their 
children liked about the garden, if their children learned about plants in the garden, their and 
their children’s experiences with plants beyond the children’s garden, and for suggestions that 
would improve the children’s garden experience for children and their parents. All of these 
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interviews were conducted and recorded by the primary researcher. The child and parent 
interview questions and other documents are provided in Appendices 5 and 6. 
 The data collected through these observations and interviews at the four gardens provided 
the stakeholders’ (children’s, parents’, or guardians’) perspective on whether the participatory 
garden features at these four U.S. botanical gardens facilitated the development of an awareness 
and knowledge of plants in children. Through the thorough analysis of the data collected from 
these mixed methods, this study built an understanding of these children’s experiences in 
children’s gardens and answered the research question of this study.  
4.2 Quantitative Methods And Analysis 
4.2.1 Objective 1 
 Given the self-selective nature of the children’s experiences in children’s adventure 
gardens, the participatory garden features must first be attractive to children. Therefore, the first 
objective of this study was to determine which participatory garden features attracted the most 
children. Children’s visit frequency data were collected at each garden to determine the most 
visited participatory garden features. Multiple researchers tallied the number of children that 
visited each participatory garden feature during a four-hour period at the four children’s gardens. 
This data were tallied on a quantitative data-recording sheet (Appendices 1) and the results are 
presented in Tables 4.1 through 4.4.   
 The results of the visit frequency counts for each garden are presented in Tables 4.1 
through 4.4. On these tables the participatory garden features were then ranked from the garden 
feature that attracted the most children to the feature that attracted the least children based on the 
visit frequency data. These tables also identified the gardens’ objectives for each participatory 
garden feature and the observed children’s behaviors at each participatory garden feature. The 
source of this observational data was the researchers’ field notes and the interview data.  
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Table 4.1 
Participatory Garden Features of the Discovery Garden at the BBG  
Ranked by Frequency of Visits 
Participatory garden feature Feature objective Observed behavior Visit Re- 
visit 
 
Family Nature Trail 
 
Trail encourages 
exploration and 
enjoyment of the 
natural environment 
through physical play 
and aesthetic 
awareness. 
 
Children ran along the trail to the 
science tables and water pump. 
All children pumped the pump 
handle. 
 
57 
 
3 
 
Meadow w/ Berry Border and 
Butterfly Border 
 
Pre-science 
Activities: 
 
Observing & 
inferring 
Older children ran through this path 
and would revisit. 
Adults explored & took pictures. 
 
Mom & Child: 
Mom, “Look at the beautiful 
butterfly. 
Child, “Look at the strange bug.” 
Children & adults made many 
butterfly and bee observations. 
Two 8 - 9 yr. boys, “This is all boring 
stuff.” Then they left. 
52 8 
Stream 
(Courtesy of BBG) 
 
Children can touch 
and experiment with 
water. 
Children explored water by dropping 
leaves and other natural loose parts in 
the stream. 
33 2 
 
Water Table 
Experimentation with 
natural world that 
facilitates the 
learning of science 
Children picked up the water 
hyacinths and observed the roots, 
then put them back in the water 
32 0 
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(Table 4.1 continued) 
 
Water Pump 
 
Children can explore 
the cause and effect of 
their pumping actions 
and invent games to 
play with the water 
moving through the 
bamboo channel. 
 
All children that went on the 
Family Nature Trail stopped to 
pump the pump handle. 
 
30 
 
3 
 
Butterfly Chair w/ Binocular 
Pre-science Activities: 
Observing & inferring 
Children ran down the meadow 
path and jumped into the butterfly 
chair. Then they looked through 
the binoculars for a minute and 
ran down the path again. 
28 0 
 
Science Tables 
Science tables 
encourage open-ended 
investigation. 
 
Young visitors 
examine, measure, and 
compare natural 
objects. 
 
 
The children ran down the 
woodland path and stopped at the 
tables. They played with the scale 
and objects on the tables briefly. 
25 0 
 
Rainbow Garden / Mini Farm 
(Courtesy of the BBG) 
Children discover their 
favorite vegetables 
growing. Children are 
invited by staff to taste 
vegetables. 
The children walked in and 
looked around, then move to the 
next participatory garden feature. 
15 0 
 
Toddler Area 
Place for families and 
groups to gather, relax, 
and read stories 
together (The garden 
staff supplies books 
and a mat every day.) 
Mom & 2 yr. old daughter 
explored & played in area. 
Mom, “Look, you can touch 
these. They‘re Lambs Ears.” 
Mom, “You’re locked in.” 
Girl, “Mom, I know how to get 
out. Let me out.”  
 
Another very young barefoot 
child crawled in the grass. 
Mom, “Does it feel good?” 
15 0 
?
?
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Bamboo Waterway 
Children can explore 
the cause and effect of 
their pumping actions 
and invent games to 
play with the water 
moving through the 
bamboo channel. 
Children walked along Bamboo 
Waterway and ran their hands 
down the channel through the 
water.  
15 1 
Bus Entry to Nature Trail 
Provides attractive 
entrance for the 
Family Nature Trail. 
 
???????????????????????????????
?????????????????????????
14 2 
 Hide-Out Tree 
Retreat Children sat in the child-scaled 
chairs.   
 
One small girl (4 yrs.) sat down, 
and then called for her Dad to 
join her. They sat and she 
pretended to serve him food. 
 
One Dad hid under the tree and 
read his paper while his wife and 
children explored the garden.?
13 0 
Pinecone Bin. Various sizes and 
shapes from different species 
Pinecone bin: various 
sizes species and 
shapes from different 
Experimentation with 
natural world that 
facilitates the learning 
of science 
Children took pinecones out and 
arranged them in different ways. 
13 0 
 
Worm Bin 
Experimentation with 
natural world that 
facilitates the learning 
of science 
* The worm box was closed for 
three hours of the four hours 
observation period. The gardener 
would not open it unless she could 
supervise it. 
Parents dug up worms for children 
to observe. 
4* 0 
?
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Soil Dig Bin 
Experimentation with 
natural world that 
facilitates the learning 
of science 
The Bin was next to the grape vine 
arbor. Many parents noticed the 
grapes growing and pointed them 
out to their children. 
 
“Oh Wow, Look at the grapes.” 
Kids, “We can’t touch them.” “We 
can’t eat them.” 
2 0
 
Nature’s Objects. Clippings Bin
(e.g. sticks, bark, seed pods)   
Experimentation with 
natural world that 
facilitates the learning 
of science 
* The Clippings Bin was closed 
during the observation period for 
updating. 
0* 0 
 
Sensory Planter 
Planters encourage 
young children to 
explore  & discover 
using their senses, 
learn about plants, and 
appreciate nature. 
Children did not stop at the planters 
unless prompted. 
Adults liked to touch the plants 
when prompted by sign.  
Adults without children read the 
prompts, touched, and smelled the 
plants 
One couple and daughter (2 yrs.) 
“It’s a touch, feel garden. See this 
one, touch it. It feels like a teddy 
bear.”
0 0 
 
Spider’s Maze 
(Courtesy of BBG) 
Visit and explore a 
maze created with 
plants 
Children did visit the Spider’s 
Maze, but not during the four 
hours of time movement data 
observations. 
 
Children would walk through 
the maze and return to the 
Orientation Area. 
0 0 
Other Observations in the Discovery Garden: 
1) Many adults without children explored and took pictures in the Discovery Garden and seemed to enjoy their 
experiences. 
2) One child remarked as he approached the Discovery Garden, “The Discovery Garden is where everything is 
fun. Come on guys, let’s go there.” The family explored the garden with excitement and called to each other many 
times, “Hey, Look!”?
The feature objectives in this table were compiled from the BBG Discovery Garden Concept and 
Overview Document (Garfinkel, 1995) and Discovery Garden Script (Garfinkel, 1996). Some 
pictures were taken from the BBG website (http://www.bbg.org/discover/gardens 
/discovery_garden/), these are identified. The primary researcher took the other pictures. 
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 The top five participatory garden features (Table 4.1), ranked by the most children visits 
at garden setting 1: The Discovery Garden at the BBG were: (a) the Family Nature Trail with 57 
visits; (b) the Meadow Path with the Berry Border with 52 visits; (c) the Stream with 33 visits; 
(d) the Water Table with 32 visits; and (e) the Water Pump with 30 visits. The participatory 
garden feature with the most revisits was the Meadow Path with 8 revisits. 
 The feature visit frequency data results from the Helen and Peter Bing Children’s Garden 
are displayed in Table 4.2 along with the feature objectives and observed behaviors of the 
children. The features were ranked from highest visited to least visited.  
Table 4.2 
Participatory Garden Features of the Helen and Peter Bing Children’s Garden at the HBG 
Ranked by Frequency of Visits 
Participatory garden feature Feature objective Observed behavior Visit Re- 
visit 
Vortex and Water Bells 
Children observed and 
experimented with the 
flow of water in a 
vortex, water bell 
fountains, and a 
stream 
????????? ???????????????? ???????
??????????????????????????????
?????????????
?
????????? ????????????????????????
?????????? ?????????????????????????
??????
???????????????????????????????
???????
155 46 
 
Rainbow Room 
Children observed 
pulses of mist break 
sunlight into 
rainbows. 
?????????????????????????????
????? ?????????????????????????
?????????? ??????
?
???????????????????????????????????
??????????????? ?????????????
????????? ????????????????????????
114 3 
 
Sonic Pool 
Children felt 
vibrations and 
observed them create 
waves and ripples in 
the basin. 
?????????????????????????? ??????????
??????? ???????????????? ???????????
????????? ???????????
?
??????????????? ??????????????
????????????? ????????????????????
99 131 
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Prism Tunnel 
 
View colorful 
spectrums of light. 
??????????????????????????????????????
???????????????????
?
??????????????????????????????????
??????????? ????????????????????????
????????????????????????????
84 109 
 
Marble Jets 
Children observe and 
experiment with 
grape-sized spurts of 
water as they propel 
through the air. 
Very attractive to young children, 
they walked to each pot and put 
their hands in the water. 
 
Older children created games. 
 
One girl made observations about 
moss growing. 
76 98 
 
Magnetic Sand 
Children create 
interesting shapes as 
they experiment with 
the interaction of force 
fields. 
Some children meticulously 
created bridges and animals. 
 
Some children grabbed handfuls 
and squeeze it. 
 
Children put the magnetic sand in 
their pockets. 
72 46 
 
Topiary Volcano 
Shady refuge for 
children. 
Children ran inside when the mist 
began and ran out when the mist 
stopped, 
 
One small girl observed a lizard 
running around the outside. 
56 0 
 
Pebble Chimes 
 
Children compose 
their own sounds in 
interplay of natural 
materials (pebbles) 
and physics. 
Parents sat their toddlers on the 
chimes and handed them pebbles 
to drop down the slot. 
 
Small children revisited this 
feature many times and stayed as 
long as their parents let them.  
44 63 
?
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Topiary House 
None Listed. Children pretended that they were 
cooking and doing household 
activities inside. 
 
Older children sat and talked inside. 
36 0 
 
Fog Grotto 
Children experience 
water vapor as it flows 
and fills the grotto. 
Children ran into the grotto when 
the mist began and left when it 
stopped. The mist frightened some 
small children. 
 
One small boy, 2 yrs., walked to 
each drain and watched the water 
go down the drains. 
 
 
18 2 
 
Self-Centered Globe 
Children observe 
shadows and heat on 
the globe. 
Children did not visit the globe 
during the visit frequency data 
collection time. 
 
One child said, “Look Mommy, the 
Earth.” 
0 0 
 
Fragrance Garden 
Children smell flowers 
& leaves. 
Children and adults walked past the 
fragrance garden many times, but 
no one stopped to smell the plants. 
0 0 
Other Observations in the Helen and Peter Bing Children’s Garden: 
1) Mothers dialoged about the garden constantly with small children (1 – 6 yrs.).  
2) Mothers of older children sat on the benches watching children while they explored the garden or followed 
their younger children around the garden.  
The feature objectives in this table were compiled from the Huntington website 
(http://huntington.org/huntingtonlibrary.aspx?id=486) 
 
 The top five participatory garden features, ranked by the most children visits at Garden 2: 
The Helen & Peter Bing Children’s Garden at the HBG were: (a) the Vortex and Water Bells 
with 155 visits, (b) the Rainbow Room with 114 visits, (c) the Sonic Pool with 99 visits, (d) the 
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Prism Tunnel with 84 visits, and (e) the Marble Jets with 76 visits. It is noteworthy to mention 
that the Magnetic Sand with 72 visits had only 4 fewer visits than the Marble Jets. The 
participatory garden features with the most revisits were the Sonic Pool with 131 revisits and the 
Prism Tunnel with 114 revisits.  
The feature visit frequency data results from the Doris I. Schnuck Children’s Garden are 
displayed in Table 4.3 along with the feature objectives and observed behaviors of the children. 
The features were ranked from highest visited to least visited.  
Table 4.3   
Participatory Garden Features of the Doris I. Schnuck’s Children’s Garden at the MoBot  
Ranked by Frequency of Visits 
Participatory garden feature Feature objective Observed behavior Visit Re-visit 
 
Rope Bridge 1 
 
Test your balance as 
you make your way 
down the rope bridges. 
Which bridge is more 
challenging? 
A Meeting point for many children 
and their parents. 
 
Revisits slowed down at 1:15 
 
Children went back and forth 
across this bridge. 
 
One boy went back and forth 
across this bridge twelve times. 
 
Boy, “(The bridge) Brings out my 
monkey ways.” 
239 255 
 
Rope Bridge 2 & 3 
Test your balance as 
you make your way 
down the rope bridges. 
Which bridge one is 
more challenging 
There were two bridges next to 
each other. The children walked 
back and forth to the bridges. 
 
Some children revisited the 
bridges five to six times within one 
minute. 
 
Visits slowed down at 1:15, but 
children start revisiting again at 
2:20. 
 
239 125 
?
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Cave 
Just like Tom Sawyer 
and Huckleberry Finn, 
you can explore the 
dark depths of a cave. 
What signs of life do 
you see? What animals 
do you think live in a 
cave? How can you 
tell people from long 
ago have been in the 
cave? 
 
Children walked into the cave on 
one side and out on the other side. 
 
They looked at a bat (not real). 
 
One child said that he liked to go 
in the cave because it was cool in 
the cave on a hot day. 
210 13 
 
Splash 
 
Dodge your way 
through the fountains. 
Hop on the jumping 
jets and soak your 
friends. Splash is the 
way to beat the 
Missouri heat! 
Children wore swimsuits and 
stayed for long periods of time. 
 
They seemed to enjoy getting wet 
& cooling off. 
 
Children put their faces, heads, and 
hands in the water shooting up 
from the ground. 
Children stay for average of 15 – 
20 minutes. 
165 88 
 
Tree house 
 
Want a bird’s eye 
view of the children’s 
garden? Climb up the 
steep steps of the tree 
house. What hidden 
treasures did you find 
along the way? 
Children climbed on the rope 
netting and slid down the rope. 
 
Parents climbed rope net  
w/small children in their arms.  
 
All ages came to this feature. 
Toddlers climbed on this over and 
over. 
 
One Mom said her son climbed for 
45 minutes. 
160 56 
 
Nature Explore Classroom 
 
Dance to your own 
tune in this creative 
outdoor classroom 
designed to promote 
unstructured play in 
the out-of-doors. 
Many smaller children visited this 
feature. 
 
They climbed the rock climb & 
parents helped the small children 
climb.  
 
Many played the xylophone. 
 
Toddlers built structures with the 
natural blocks. 
155 45 
? ? ? ? ?
? ? ? ? ?
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Logging Camp 
(http://www.flickr.com/photos/
mbgarchives/4464281495/)
Climb to the top of the 
log stack. Look for 
steamboats coming 
down the river. Logs 
like these were burned 
to fuel the boat’s 
powerful steam 
engines. 
Children climbed up and over the 
log stack. 
144 18 
 
Locks & Dams 
How do locks and 
dams control the 
mighty Mississippi 
river? Find out for 
yourself as your 
maneuver a barge or 
boat through these 
mini locks and dams. 
More boys than girls visited this 
feature. 
 
Children played with the lock 
systems. 
Children who played with the 
boats stayed for a long period of 
time (15 minutes). Ones who 
didn’t play w/ boats pass by. 
 
126 4 
 
Secret Garden 
Your last stop on the 
botanist’s path takes 
you to a “trick” gate 
that leads you into the 
Secret Garden. 
Children walked around and 
played the drums. 
 
One girl played the drums in the 
Secret Garden for 20 minutes. 
 
No Children visit from 2:00 to 
2:30. 
126 37 
 
General Store 
 
Step into the General 
Store and explore how 
we use plants 
everyday for our food, 
clothing and 
medicines. 
Girls visited this feature more than 
boys. 
 
The girls pretended that they were 
buying and selling things in a store 
and swept. 
 
Boys played hockey with plastic 
fruit by hitting it with the broom. 
They called this game “Store Ball”.
114 40 
 
Steamboat 
Pretend that the 
Children’s Garden 
River is the Mighty 
Mississippi. Steer the 
steamboat through the 
river. What do you 
think the paddle wheel 
is used for? 
 
Children walked across the deck 
and turned the wheel. Then walked 
away. 
100 0 
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Frontier Fort 
Climb up to the top of 
the Frontier Fort. 
Scope out all of the 
exciting play areas in 
the Children’s Garden 
that you haven’t 
explored!
Children climbed up the fort, 
looked at the garden, then came 
down. 
 
Parents climbed the stairs and 
looked at the garden.  
89 2 
 
Tree Pavilion/ Root Zone 
(Swings) 
Children Swing on the 
roots of trees. 
Children hung and swung on the 
rope roots. 
65 0 
Wetlands 
Look around at the 
Oxbow Lake created 
by the beaver dam. 
What animals can you 
find hiding in the 
swamp? 
Children walked the trail, climbed 
the log climb, and visited the 
beaver dam. 
64 0 
 
Town Hall 
Listen to a story. The 
Town Hall is the place 
to be for fun and 
educational Children’s 
Garden events. 
Children spent time at this feature 
only when there is a puppet show 
or class. 
48 0 
Pollination Garden 
Bells will chime as 
you fly around like a 
busy bee, bird, or 
butterfly from flower 
to flower gathering 
pollen! 
Children walked through the 
garden.  
 
A few children rang the bell inside 
the flowers. 
44 0 
?
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Jail 
Step inside to learn 
why these “bad” plants 
are under lock and 
key.  
Children locked each other up in 
the cell. 
 
A few children read the signs. 
35 0 
Beehive 
Step inside a life-size 
beehive to see what 
honeycomb looks like! 
Can you follow the 
fancy footwork 
outside the hive to do 
the bee dance? 
Children walked in the beehive 
and walked out. 
 
No children performed the bee 
dance suggested by the sign. 
25 0 
 
Spelunker’s Slide 
Slip and slide down 
Spelunker’s Slide to 
the entrance of the 
Children’s Garden 
cave. 
The slide became very hot mid-
day and was closed so children 
would not get burned. 
6 0 
 
Family Plot 
Head out through the 
back door and learn 
what you can do to 
help Missouri’s 
endangered plants. 
Children walked by without 
reading the stones. 
0 0 
This feature objectives were compiled from the Missouri Botanical Garden website 
(http://www.mobot.org/finn/map.asp and 
http://.mobot.org/press/Assets/FP/childrens_garden.asp).  
The top five participatory garden features at Garden 3: The Doris I. Schnuck’s Children’s 
Garden at the MoBot ranked by the number of children visits were: (a) the Rope Bridge 1 on the 
Adventurer’s Path with 255 visits; (b) the Rope Bridges 2 & 3, connected to the Tree Trunk 
Pavilion with 239 visits; (c) the Cave with 210 visits; (d) Splash with 165 visits; (e) the Tree 
House with 160 visits. The Nature Classroom was close behind the Tree House with 155 visits. 
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Rope Bridge 1 with 255 revisits and Rope Bridges 2 & 3 with 125 revisits also had the most 
revisits. 
Table 4.4 presents the visit frequency data from the Everett Children’s Adventure 
Garden. The features are ranked from the most visited feature to the least visited feature. 
Table 4.4 
Participatory Garden Features of the Everett Children’s Adventure Garden at the NYBG  
Ranked by Frequency of Visits 
Participatory garden 
feature 
Feature objective Observed behavior  
Visit 
Re- 
visit 
Frog Pond 
Invites children to play 
and explore water.  
The children jumped on the lily pads.  
 
The harder they jump on the pads, the 
higher the water shoots up, they scream 
with excitement. 
 
The laughter /excitement of the children 
attract other children from all parts of the 
garden to this feature. 
35 8 
Farm to House 
Invites children to play 
with food and explore 
the origin of common 
foods. 
Children pretend to cook. They wear the 
hats and other props. 
 
Children play store.  
 
One Mom plays store with her daughter. 
25 0 
Fruit & Seed Cart 
Inviting children to 
check out the Fruit and 
Seed Cart for a closer 
look at some 
fascinating fruits and 
surprising seeds.  
Children open all the drawers. 
Children spot a rabbit under the shrubs 
near this exhibit.  “Look, it’s a rabbit!” 
21 0 
Boulder Maze 
Inviting children to 
climb and play on the 
boulders in the maze. 
At the top of the maze 
the children look 
through the telescope 
at the garden. 
Children walked around or climbed over 
the boulders to the top.   
They looked at the garden through the 
telescope. 
A Mom pushed her son in a stroller up the 
rock maze to the telescope. He had a 
disability. 
19 0 
? ? ? ? ?
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Beth’s Maze 
Inviting children to 
play and wander 
through the maze of 
shrubs. 
Mom and pre-school aged son played 
hide & seek in maze. Other children 
walked around or played hide and seek 
also. 
Mom sat in adult seating area & son ran 
through the maze until he heard the 
children’s laughter from the frog pond. 
He ran to the frog pond. 
16 0 
Cattail Seed Exhibit 
Children find the 
cattail plants and try 
the nearby exhibit to 
find out how some 
seeds get around.  
Children turned the crank to make the 
cattail seeds fly. 
Boy turned crank & Dad informed him, 
“These kinds of seeds fly.” 
15 3 
Natural Seating 
Inviting children to sit 
on natural stumps. 
Children look for the 
stump with a red 
handle, and lift it to 
see what lies beneath.” 
Children walked in a circle around the 
stump seats. 
Some children sat on them 
They found the stump with the red 
handle, lifted it, then close it. 
 
13 
 
0 
Butterfly Area 
Invites children to spot 
butterflies, birds, and 
bees. 
Children sat in the butterfly chairs, 
walked or ran around the area (A path 
circles the meadow area.) 
Boy (4 yrs.), “Mom, Look at the long line 
of ants! Have you ever seen so many 
ants?” 
 
11 
 
0 
Pond 
Invites children to spot 
the plants and animals 
in the pond. Children 
use a net to take a 
pond dipping for a 
close-up look at the 
things that live in its 
waters. 
Explainers caught frogs and kept them for 
the children to see. 
Children took turns catching plants and 
animals with the nets. 
Children spotted turtles and frogs in the 
pond. 
 
11 
 
0 
Plant Parts Towers 
(Courtesy of the NYBG) 
Invites children to 
explore the different 
parts of the plants. 
Children can invent 
their own plants by 
moving blocks on the 
towers. 
Children turned the blocks to line up 
different plant parts. 
They walked around the plant part area. 
 
3 
 
0 
? ? ? ? ?
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Touch Tank
Invites children to 
explore the plants of 
the pond.  
Children picked up the water hyacinth 
and examined the roots. 
1 0
The feature objectives in this table were compiled from the Guide to the Everett Children’s 
Adventure Garden and The New York Botanical Garden Explainer Document.  
The top five participatory garden features at Garden 4: The Everett Adventure Children’s 
Garden at the NYBG, ranked by the number of children visits were: (a) Frog Pond with 35 visits; 
(b) Farm to House, with 25 visits; (c) the Seed Wagon with 21 visits; (d) the Boulder Maze with 
19 visits; (e) the Beth’s Maze with 16 visits. The Frog Pond with 8 revisits also had the most 
revisits.
After the top five participatory garden features were identified from each garden, the next 
part of this research objective was to determine why the children visited these garden features 
more than the other features. In order to identify patterns in the 20 highest visited features, the 
elements and developmental needs met by the features were listed (Table 4.5). Identifying 
common elements in these features provided for both a method to compare the many diverse 
participatory garden features and an indication of why children preferred certain participatory 
garden features to others. Furthermore, since previous research (M. Miller, 2005; A. Miller, 
2010; Tai et al., 2006) has studied the preferences of elements in children’s gardens by different 
stakeholders, the elements also served as a way to compare the findings from this study to the 
findings from previous studies.
M. Miller’s (2005) list of 72 recommended elements (Appendices 19) and Tai et al.’s  
(2006) developmental needs were used as guides to identity the elements in each participatory 
garden feature. The elements and developmental needs provided by each garden feature were 
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listed in Tables 3.3 - 3.6 (M. Miller, 2005; Tai et al., 2006). A summary of the occurrence of 
these elements in the five most popular participatory garden features for each garden is provided 
in Table 4.5. Table 4.6 is a summary of the elements and developmental needs provided by the 
popular features across all four children’s gardens.  
Table 4.5 
Summary of Elements and Children’s Developmental Needs in the Five Most Popular PGFs  
Element Occurrence Developmental 
need 
Occurrence 
No. % No. % 
Garden 1. Discovery Garden at the BBG 
 
Water 4 80 Plants 5 100 
Path 4 80 Scale 4  80 
Woodland 3 60 Active Play 5 100 
   Wildlife 4  80 
 Garden 2. Helen and Peter Bing Children’s Garden at the HBG 
 
Water 4 80 Plants 4 80 
Rocks 2 40 Scale 4 80 
Shade 2 40 Sensory Exp. 5 100 
Seating (adult) 1 20 Active Play 1  20 
Loose Parts  3 60 Place to Cool D. 4  80 
   Creative Play 1   20 
   Artistic Play 1  20 
   Social Place 1  20 
   Retreat Enclos. 1  20 
   Bright Colors 1  20 
 Garden 3. Doris I. Schnuck Children’s Garden at the MoBot 
 
Bridges 2 40 Plants 5 100 
Water 1 20 Scale 5 100 
Tables 1 20 Active Play 4 80 
Tree House 1 20 Sensory Exp. 3 60 
   Place to Cool D. 2 40 
   Creative Play 1 20 
   Retreat Enclos. 1 20 
 Garden 4. Everett Children’s Adventure Garden at the NYBG  
 
Bright Colors 3 60 Plants 5 100 
Maze 2 40 Scale 4 80 
Water 1 20 Active Play 4 80 
Loose Parts 1 20 Wildlife 1 20 
Retreat Enclos. 1 20 Creative Play 1 20 
Rocks 1 20 Social Place 1 20 
   Sensory Exp. 1 20 
?
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Table 4.6 
Occurrence of Element & Developmental Needs Across Gardens  
 
Element 
% 
Across gardens 
 
Dev. need 
% 
Across gardens 
Water 50 Child’s Scale 90 
 
Loose Parts* 30 Plant 75 
 
Place to  
Cool Down 
30 Active Play 70 
* Water is considered a loose part if children can openly explore it in a PGF. 
 The elements that had the highest occurrence in the five highest visited participatory 
garden features were water, loose parts, and a place to cool down. The highest occurring 
developmental needs were child’s scale, plants, and active play (Tables 4.5 & 4.6). There are two 
possible alternate explanations for the high ranking of the needs, child’s scale and plants: (a) 
Since the children’s gardens are in botanical gardens, plants are incorporated in many ways into 
most of the participatory garden features; (b) Most participatory garden features are designed to a 
child’s scale.  
 The primary researcher also collected time movement data on a random sample of 
children while observing their garden exploration. The primary researcher would start the time 
movement observations on the first child that walked into the children’s garden. The child and 
their parents or guardians were also interviewed if they agreed to participate and sign the consent 
and assent forms. Then the next child that walked into the garden was observed. 
 The sequence and duration of the children’s visits and revisits were recorded on the 
Quantitative Data Recording sheet (Appendices 1). The time movement data is presented in 
Tables 4.7 – 4.9. This data also addressed the first objective of this study, the attractiveness of 
the different participatory garden features. Also referred to as tracking and timing, this 
evaluation measure is typically used to measure children’s engagement with exhibits in museums 
(Tai et al., 2006).  
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 This data also provided insight on the level of interest and engagement at the 
participatory garden features by recording the sequence and duration of the children’s visit and 
revisits to each participatory garden feature. A child’s revisit to the participatory garden features 
indicated interest, whereas, the duration of the visits and revisits were used to evaluate the 
children’s level of engagement at the participatory garden features. For example, the more time 
the children spent at a participatory garden feature, the more engaged the children were with the 
feature. Asterisks noted behaviors such as prolonged visits and multiple revisits.   
 Unlike museum exhibits where children have a prescribed task to complete that may 
require the children to engage with the exhibit for a lengthy period of time, the participatory 
garden features provided open-ended exploration and play. The children choose how they 
wanted to participate with the garden feature. For example, at the Magnetic Sand feature at the 
Helen and Peter Bing Children’s Garden different behaviors and levels of engagement were 
observed. Some children meticulously worked the tiny iron fillings across the two magnetic 
structures creating bridges, while others created spiky porcupines out of the iron fillings and 
magnetic structures. Whereas, some children simply pulled a handful of iron fillings off the 
magnetic structures and filled their pockets, then moved on to the next garden feature.   
Table 4.7 
Time Movement Data. Helen & Peter Bing Children’s Garden at the HBG.  
Sequence PGF No. revisit Visit (min.) 
HBG Girl-3 (age 9 yrs.) 
1 Prism Tunnel* 0 5:00 
2 Magnetic Sand* 0 1:40 
3 Sonic Pool 0 0:30 
4 Vortex & W. B*. 0 5:10 
5 Magnetic Sand* 1 7:00 
6 Sonic Pool 1 0:30 
7 Marble Jets 0 1:10 
8 Vortex & W. B.* 1 3:00 
9 Fog Grotto 0 1:20 
10 Sonic Pool 2 0:40 
11 Rainbow Room 0 2:20 
*Notes: Magnetic Sand: visit duration was 1:40, revisit duration was 7:00. 
Vortex & W.B.: visit-5:10, revisit 3:00. Prism Tunnel: 5:00. 
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HBG Girl-8 (age 4 yrs.) 
1 Vortex & W. B. 0 1:20 
2 Grape Arbor** 0 1:10 
3 Topiary House* 0 2:05 
4 Vortex & W. B. 0 3:00 
5 Sonic Pool 0 0:40 
6 Fog Grotto 0 0:30 
7 Grape Arbor** 1 2:10 
8 Topiary House* 1 0:40 
9 Vegetable Bed 0 1:00 
10 Prism Tunnel 0 1:40 
11 Topiary Volcano 0 1:59 
12 Fog Grotto 1 0:59 
13 Topiary House* 2 1:60 
    
Notes: *Topiary House: 2:05, 0:40, 1:60. **Grape Arbor: 1:10, 2:10.  
Girl-8 says she loves the grapes, Mom says they have been watching them 
   grow. 
HBG. Girl-6 (age 7 yrs.)?
1 Vortex & W. B. 0 1:57 
2 Topiary Volcano 0 0:30 
3 Magnetic Sand*** 0 5:15 
4 Pebble Chimes 0 2:05 
5 Fog Grotto 0 0:25 
6 Pebble Chimes 1 2:07 
7 Marble Jets* 0 0:48 
8 Sonic Pool** 0 0:19 
9 Marble Jets* 1 0:10 
0 Vortex & W. B. 1 2:25 
10 Rainbow Room 0 0:15 
11 Topiary Volcano 1 0:19 
12 Sonic Pool** 1 0:25 
13 Marble Jets* 2 2:00 
14 Prism Tunnel 0 0:30 
15 Sonic Pool** 2 0:07 
16 Vortex & W. B. 2 3:30 
17 Marble Jets* 3 3:45 
    
Notes: *Marble Jets: 0:48, 0:10, 2:00, 3:45. **Sonic Pool: 0:19, 0:25, 0:07.  
***Magnetic Sand: 5:15. Made moss observations in Marble Jet pools. 
HBG Girl-9 (age 5 yrs.) 
1 Marble Jets 0 0:30 
2 Vortex & W. B. 0 1:44 
3 Topiary House 0 0:15 
4 Prism Tunnel* 0 7:41 
5 Magnetic Sand 0 4:57 
6 Pebble Chimes 0 2:54 
7 Prism Tunnel* 1 5:00 
8 Sonic Pool 0 0:45 
    
Notes: *Prism Tunnel: visit duration was 7:41 and revisit was 5:00. Magnetic 
Sand: 5:00. Mom said that she liked it because she really likes science. 
?
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HBG Boy-3 (age 7 yrs.) 
1 Marble Jets 0 0:30 
2 Vortex &W. B.** 0 5:00 
3 Rainbow Room 0 0:30 
4 Topiary Volcano 0 0:10 
5 Prism Tunnel* 0 4:30 
6 Rainbow Room 1 0:15 
7 Topiary House 0 0:25 
8 Magnetic Sand 0 0:35 
9 Pebble Chimes 0 0:40 
10 Prism Tunnel* 1           12:00 
11 Fog Grotto 0 0:25 
12 Sonic Pool 0 0:30 
    
Notes: *Prism Tunnel: 4:30, 12:00. **Vortex & W. B.: 5:00. 
Made observations of light making “rainbows” PT. Liked to tell stories in PT. 
 
 Sample size = 5 children. 
 
Table 4.8 
Time Movement Data. Doris I. Schnuck’s Children’s Garden at the MoBot.  
Sequence PGF No. revisit Visit (min.) 
MoBot Boy, 6 yrs. 
1 Rope Bridge 1 0 1:10 
2 Locks & Dams*** 0 5:29 
3 Steamboat 0 1:05 
4 Wetland Path 0 2:10 
5 Slide 0 1:20 
6 Fort 0 1:30 
7 Rope Bridge 2 0 0:34 
8 Tree House** 0 1:24 
9 Bee Hive 0 1:07 
10 Tree House** 1 5:00 
11 Root Swings 0 2:48 
12 General Store 0 0:58 
13 Nature Explore Classrm. 0 2:00 
14 Splash* 0         20:00 
    
Notes: *Splash: 20:00. **Tree House: 1:24, 5:00. ***Locks & Dams: 5:29. 
 
Mobot Boy, 8 yrs 
1 Cave 0 1:39 
2 Log Climb 0 0:57 
3 Fort* 0 2:05 
4 Steamboat 0 1:05 
5 Fort* 1 4:04 
6 Tree House 0 2:10 
7 Slide 0 1:20 
    
Notes: *Fort: 2:05, 4:04. 
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MoBot Boy, ? yrs.  
1 Rope Bridge 1** 
(went back & forth 3xs) 
 
0 
 
4:04 
2 Locks & Dams* 0         13:17 
3 Rope Bridge  
(went back & forth 2xs) 
0 1:15 
4 Wetlands Path 0 1:05 
5 Log Climb 0 0:27 
6 Cave 0 2:11 
7 Slide 0 1:20 
    
Notes: *Locks & Dams: 13:17. **Rope Bridge 1: Back & Forth 3Xs 
 
MoBot Boy, 8 yrs. 
1 Rope Bridge 1 0 1:10 
2 Beaver Dam 0 0:10 
3 Rope Bridge 2 & 3 0 0:58 
4 Fort 0 1:09 
5 Cave 0 2:02 
6 Rope Bridge 1 1 1:10 
7 Tree House 0 1:50 
8 Nature Exp. Classrm** 0 5:27 
9 Pollination Garden 0 1:22 
10 Root Swings 0 2:31 
11 Wetland Path 0 0:15 
12 Jail 0 1:30 
13 Splash*** 0 4:29 
14 General Store* 0 6:20 
? ? ? ?
Notes: *General Store: 6:20. **Nature Explore Classroom: 5:27.  
***Splash: 4:29. Played “store ball” in General Store. 
MoBot Girl (age 5 yrs.) 
1 Rope Bridge 1 0 1:10 
2 Beaver Dam 0 0:10 
3 Fort 0 1:09 
4 Rope Bridge 2 & 3 0 0:58 
5 Cave 0 2:02 
6 Rope Bridge 1 1 1:10 
7 Tree House 0 1:50 
8 Nature Exp. Classrm** 0 5:27 
9 Tree House 1 0:35 
10 Slide 0 2:30 
11 Root Swings 0 1:20 
12 Wetland Path 0 0:15 
13 Jail 0 1:30 
14 Splash*** 0 4:29 
15 General Store* 0 6:30 
? ? ? ?
Notes: *General Store: 6:30. **Nature Classroom: 5:27. ***Splash: 4:29. 
“Played store” & swept in the General Store.  
Sample Size = 5 children. 
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Table 4.9 
Time Movement Data. Everett Children’s Adventure Garden at the NYBG.  
Sequence PGF No. revisit Visit (min.) 
NYBG Girls 3 & 4 (ages 8 & 10 yrs.) 
1 Nature Journal* 0 3:10 
2 Beth’s Maze 0 1:10 
3 Frog Pond 0 0:17 
4 Pollinator Puppet* 0          18.52 
5 Plant a Bean* 0 3:57 
6 Pollinating Flowers* 0 1:48 
7 Clay Flower* 0         15:72 
8 Frog Pond 1 3:45 
    
Notes: *facilitated by Explainers. 
 
NYBG Boys 3 & 4 (ages 5 & 7 yrs.) 
1 Nature Journal* 0 4:43 
2 Boulder Maze** 0 7:49 
3 Beth’s Maze 0 0:54 
4 Natural Seating 0 0:42 
5 Seed Cart*** 0 5:07 
6 Cattail Exhibit 0 1:17 
7 Butterfly Area 0 1:26 
8 Pollinating Flowers* 0         21:22 
9 Farm to House  2:58 
    
Notes: *facilitated by Explainers. **Boulder Maze: 7:49 
***Seed Cart: 5:07. 
?
NYBG Boys 1 & 2 (ages 2 & 3 yrs.) 
1 Boulder Maze 0 5.10 
2 Beth’s Maze 0 5.51 
3 Natural Seating 0 5.47 
4 Seed Cart 0 5.10 
5 Cattail Exhibit 0 1.26 
6 Pollinating Flowers 0 0.27 
7 Butterfly Area***  0         15.23 
8 Farm to House** 0         16.49 
9 Plant Parts Area 0 2.58 
0 Plant a Bean* 0 4.21 
10 Pollinating Flowers* 0 11.01 
11 Clay Flower* 0 10.00 
12 Plant Part Area 1 4.22 
13 Pond 0 6.50 
14 Touch Tank 0 1.52 
15 Food Chain Game 0 1.15 
    
Notes: *facilitated by Explainers. **Farm to House: 16:49.  
***Butterfly Area: 15:23. 
?
?
?
?
?
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(Table 4.9 continued)  
Girls, 7 & 8 yrs. 
1 Nature Journal* 0 5.49 
2 Boulder Maze** 0 6.43 
3 Beth’s Maze 0 0.54 
4 Natural Seating 0 0.42 
5 Seed Cart*** 0 5.07 
6 Cattail Exhibit 0 1.16 
7 Butterfly Area 0 1.26 
8 Pollinating Flowers* 0         12.05 
 
Notes: * facilitated by Explainers. ** Boulder Maze: 6:43.  
*** Seed Cart: 
Sample size = 8 children.  
**Facilitated PGFs or activities in the children’s gardens. 
 
Table 4.10 
PGF Independent Visit (min.). Helen & Peter Bing Children’s Garden at the HBG 
 Vortex Rain. Room Sonic Pool Prism Tunnel Marble Jets 
 3.00 2.20 6.30 5.00 1.10 
 5.10 0.15 0.40 1.40 0.48 
Visit  3.00 0.30 0.40 0.30 0.10 
(min.) 1.20 0.15 0.19 5.00 2.00 
 1.57  0.25 7.41 3.45 
 2.25  0.07 4.30 0.30 
 3.30  0.30         12.00 0.30 
 5.00     
 1.44     
Mean 2.87 0.70 1.13 5.06 1.10 
Mean all 
PGF visit    
(min.) 
 
2.17 
    
Sample Size = 5 children. 
 
Table 4.11 
PGF Independent Visit (min.). Doris I. Schnuck Children’s Garden 
 R. Bridge 1 R. Bridge 2,3 Cave Splash Tree House 
 1:10 0:34 1:39 20:00 1:24 
 4:04 1:15 2:11 4:29 5:00 
Visit  1:10 0:58 2:02 4:29 2:10 
(min.) 1:10 0:58 2:02  0:35 
 1:10    1:50 
 1:10    1:50  
      
Mean 1:59 0.66 1.89 9:49 1.95 
Mean all 
PGF visit   
(min.) 
(Independent) 
3:12 
    
Sample = 5 children. 
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Table 4.12 
PGF Independent and Facilitated Visit (min.). Everett Children’s Adventure Garden 
  
Frog Pond 
 
Farm/House 
 
Seed Cart 
 
Boulder Maze 
 
Beth’s Maze 
Facilitated 
PGF 
 0.17 2.58 5.07 7.49 1.10       18.52 
 3.43 16.49 5.10 5.10 0.54       15.72 
Visit    5.07 6.43 5.51       21.22 
(min.)     0.54         4.21 
            11.01 
            10.00 
            12.05 
Mean 1.81 9.54 5.08 6.34 1.92       13.45 
Mean all 
PGF visit   
(min.) 
(Independent) 
4.94 
    (Facilitated) 
      13.45 
Sample Size = 8 children. 
 
 The data in the Time Movement Data Tables 4.7 – 4.11 were quantitative accounts of 
typical children’s experiences at three of the four children’s gardens in this study. The researcher 
randomly selected several children to observe their movement throughout the garden. 
 The patterns in the movements from feature to feature and the time spent at the features 
in this data (Tables 4.7 – 4.9) provided an interesting addition to the visit frequency data. Tables 
4.10 - 4.12 provided the average time the children spent at the participatory garden features at 
each garden.  Table 4.12 is particularly interesting. The last column of this table presents the 
average time spent at the facilitated garden features. This data indicates that the children spent 
almost three times more time at a feature when it was facilitated, than when it was not facilitated.  
 Descriptive field notes and pictures were also recorded to document the observed 
behaviors at the different participatory garden features. The observed behaviors were listed in 
Visit Frequency Tables 4.1 – 4.4. Since the children recorded their age on the child assent form 
(Appendices 3) this data also provided insight into what age children were attracted and engaged 
by the different participatory garden features.  
 Why did a child stay so long at one feature? What were they doing at the feature? Since, 
many of the participants were also interviewed, these questions about their movement and 
behaviors were clarified during the children’s interviews (See notes in Tables 4.7 - 4.9). While 
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these findings indicated the participatory garden features that attracted and engaged children the 
longest, it was the qualitative data that provided insight into the learning that occurred at the 
participatory garden features.  
 The interviews also provided an opportunity to ask the children about their preferences of 
the participatory garden features and why they preferred these features to others. This interview 
data were analyzed for reoccurring themes, which included, but were not limited to the M. 
Miller’s (2005) list of elements and Tai et al.’s developmental needs. The themes resulting from 
this analysis are provided in Tables 4.13.  
Table 4.13 
Children Interview Data: Favorite Participatory Garden Feature 
What is your favorite station (PGF)? Why? 
Participant Favorite PGF 
& 
Theme 
Participant Response 
Boy 2H 
(8 yrs.) 
Marble Jets 
 
Creative Play 
 
Ok, I’ll start how I like it. Well, we, me and my sister, we love that (points to 
water pots w/ jumping water.) cause we made up a game.  They have to make 
all the drops. 
Yeah, yeah, you have to keep on touching it and go around and when we told 
some other kids they loved it.  I think that they should put that game on it cause 
everybody loved it that we told and they kept on playing it. 
Yeah, the drops, you start at the last one and when a drop hits you. You have to 
touch every single one, you can’t miss one.  If you miss one, it’s the other 
person’s turn. 
And you have to keep on going until you miss.  
 
Boy 1H Marble Jets 
Sensory 
Experience 
 
(Field Notes)  toddler puts hands in pots & watches drop of water jump 
Girls 6H  
 (7yrs.) 
 &  
Girl 7H 
 (4 yrs.) 
 
Marble Jets 
 
Sensory 
Experiences 
Place to 
Explore 
The one over there. (Marble Jets) 
Me: The jumping water? I saw that you kept going back. Why did you keep 
going back? What did you like about it? 
 
G6H: I like that I could, that it hopped sometimes and also I like that the water 
is hot and cold. So I could feel that one is warm. The moss grows in the warm 
water and I feel the moss.  
G7H: The green moss (younger sister). 
Me: You mean moss grows in one. That’s a very good observation. So, what is 
moss? 
G6H: Moss is like green stuff that. It’s algae or moss, this green plant that uh, 
that it feels kind of fuzzy and sometimes fish eat it. 
?
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(Table 4.13 continued) 
Boy 2H 
(8 yrs.) 
 Vortex & 
Water Bells 
Sensory 
Experience 
And kids love this one (Vortex & Water Bells) because they love soaking their 
feet and putting their hair in the water. 
So I think they should make a, make, You know the rocks over there? I think 
that they should make a teensy little stream so you can put your legs over there 
because everybody does it now. 
Girl 2H 
(6 yrs.) 
Vortex & 
Water Bells 
 
I think my favorite is here  
(We’re at the vortex & water bells). 
Girl 3H 
(9 yrs.) 
Vortex & 
Water Bells 
 
Yeah (Agrees vortex & water bells) 
Girl 3H 
(9 yrs.) 
Prism Tunnel 
   
Social place 
Bright Colors  
Sensory Exp. 
 
Me: So at the Prism Tunnel, what do you think you learned? 
I like that it had every color in the rainbow and it’s a good place to have 
conversations. 
Boy 3H 
 (7 yrs.) 
Prism Tunnel 
 
Social Place 
Bright Colors 
Sensory Exp. 
 
 
 
 
Me: You spent a lot of time at that station. Why did you stay there? 
B3: Yes I did, because it was so colorful and I spent time with my (sisters and 
brother) in there.  We had fun in together, we told stories with my Grandma 
and he had a very fun time. I like the rainbows around us, it was so cool and it 
was just the awesomest think ever.   
Me: What do you think that you learned here? 
B3: Yeah, I think that I learned that the rainbows in there because uh, the 
rainbow’s in there because they’re colorful. 
Me: Do you know what causes them? 
G4: On the ceiling they have a light and it shows the rainbow and it’s on the 
floor everywhere.   
 
Girl 5H  
(9 yrs.) 
& 
Girl 4H 
(9 yrs.) 
Prism Tunnel 
Prism Tunnel 
 
Sensory Exp. 
Bright Colors 
Aesthetics 
 
 
Me: You spent a lot of time in the Prism Tunnel (5 min.). What did you like in 
there? 
Girl 5H: I like the rainbow tube. 
Girl 5H:  I like the colors. 
Girl 3H: Yeah, that’s what I like, me too. It’s pretty. 
Me:  What colors did you see? 
Girl 5H: I saw red, purple, I saw indigo, I saw violet. 
G 3H:  (Names the colors that she saw.)  
 
Boy 2H 
(8 yrs.) 
Rainbow 
Room 
Water 
 
Umm and the rain should be quicker because everybody loves it 
Girls 5H 
&4H  
(both 9 
yrs.) 
 
Rainbow 
Room 
Water  
I like the mist house.   
Boy 2H 
(8 yrs.) 
 
Fog Grotto 
Water 
Yeah, the mist, and mist over there’s great too. (Points to Fog Grotto)   
Boy 2H 
(8 yrs.) 
 
Magnetic Sand But I really, Everybody enjoys the magnets over there. (Magnetic Sand) I think 
you should put more magnets, because everybody takes the magnets. 
?
?
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(Table 4.13 continued)?
Girl 8H 
(5 yrs.) 
Magnetic Sand 
Creative Play 
Ummm, that thing over there (points to the magnetic sand). 
Me: Why do you like that so much? 
Because you can make porcupines and a bridge (out of magnetic sand). 
 
Girl 4H 
&5H 
(both  
9 yrs.) 
 
Magnetic Sand 4H: I like this (Magnetic Sand). 
5H: I like the Magnetic Sand. 
Boy 2H 
(9 yrs.) 
Topiary House 
Retreat for 
older children 
& younger 
children  
Creative Play 
(looks around) Like a house like that (points to the child-sized greenhouse) 
inside you could make stuff for a house, like people like playing house, right? 
You should put, like teacups, (they) like to play with that. Little kids would 
love it. And for the adult kids like us, they just love to sit in it. So, that’s pretty 
much what I like about it.   
 
 
Girl 5H  
(9 yrs.) 
 
Topiary Vol. 
 
 
Water 
(I like) the mist volcano 
Girl 7H:  
(4 yrs.) 
Sonic Pool 
Fun 
Sensory 
Experience 
 
I liked that pool table (Sonic Pool) 
Because it seems fun. It feels funny. 
 
Boy 3NY 
(5 yrs.) 
 &  
4NY 
(7 yrs.) 
& 
(Special 
Needs) 
 
Pollinator 
Puppets 
Fac. Act. 
(bee, puppets) 
 
Artistic Play 
Creative Play 
Wildlife 
 
B4NY 
Fac. Act: 
(bee, journal) 
Artistic Play 
 
B3NY: Gluing on the flower to my nature / field notebook (This is the 
notebooks given to all children by the volunteers. It is the passport discussed 
earlier.)  
Me: That was your favorite part. What else did you like here? 
B3NY: I also liked making by bee. 
Me: Your bee w/ the clay? 
B3NY:  I know, I liked spotting the turtle too. 
B3NY:  Well, I also like doing the puppets, so I want to do that first. 
Me: Ok, did you like the girls who talked and guys (Explainers) who talked to 
you? 
B3NY: Yep 
Me: Ok. What about you (B4NY), what did you like? 
B4NY: I did a bumblebee and I did this. 
Me: You’re making your journal.   
 
Girls 1NY 
(11 yrs.) 
 & 
 2NY 
(7 yrs.) 
 
Fac. Act. GNY1: I like the guided activities. 
GNY2: I like the guided activities. 
 
Girl 3NY 
(7 yrs.)  
Fac. Act. 
Plants 
 
I like the planting adventures. I like the children’s garden. 
Boy 1M 
(8 yrs.) 
Root Swings 
Active Play 
 
Climbing stuff, the roots under the tree platform 
Boy 6M 
(8 yrs.) 
 
Tree House 
Active Play  
Giant tree house & other climbing features 
 
 
?
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(Table 4.13 continued)?
Girl 4M 
 (5 yrs.) 
 
Girl 3M 
(<5 yrs.) 
 
Boy 4M 
(7 yrs.) 
Splash 
Water 
 
 
Splash 
Water 
Splash 
Water 
 
G4M: Water 
G3M: Um, the water part over there, they tiny little fountains. And you jump 
on them and the water comes out. I like that a lot. 
GM: Oh, you did play with them, ok. So it’s more fun just to run and run 
through the water. 
G4M: Uh huh (laughs) 
B4M: The water.  
 
 
Boy 9M 
(7 yrs.) 
& 
B3M 
(7 yrs.) 
Everything 
 
 
Locks 
 
 
B9M: Everything 
Me: What about the boats and the locks where you make dams? 
GM2: Have you played with that yet?  I bet you (B9M) and (B3M) would like 
that. 
B9M: We did. 
 
Girl 2M 
(9 yrs.) 
Everything 
Root Swings 
Jail 
Bridges 
Slide 
Riverboat 
 
Aesthetics 
Active Play 
Creative Play 
Fun 
 
 
 
 
I think this is a nice garden. I think it is pretty. I like climbing all over, see 
stuff, doing the fun activities in here. 
Umm, I just kind of like everything. I like all of it, I mean it’s all so fun.  It’s 
perfect, there’s so much you can do.   
I have to say the swings because I love, just kind of loving the different kinds 
of swings and swing, swing, swing. Then I would have to pick the weed jail b/c 
I never knew that honeysuckle was a weed. Sometimes I drink the nectar b/c I 
think it’s great. I never knew that I was actually drinking the nectar of a weed. 
Yeah, I like to read interesting, I think just reading is fascinating and it’s 
interesting that, Some of those (weeds in jail) I didn’t even know existed. Like, 
I found out a cool. Some of those I have seen before, I knew, but when I saw a 
certain white flower I was like, “Where did that come from?” “I don’t that, so, I 
think it is just very interesting.”   
I like the part where you climb up here and these. If I can find the other one I 
like these two as one (Bridges).  
These two because they are kind of fun. I just like climbing up. I used to be 
afraid of this. I didn’t want to hold on to it, I would be scared and I wouldn’t 
look down. But I think now, I think it is kind of fun. It’s kind of like you are a 
monkey, now that I think about it, grabbing.   
The slide, I love going down the slide 
This because I like to pretend I’m driving a boat. And what’s next is this b/c 
it’s cool to watch the water go through the obstacle course. 
 
Boy 7M 
(12 yrs.) 
 
 
 
 
 
Bot. Garden 
Experiences 
Cave 
Jail 
Family Plot 
Weed jail 
Splash 
 
Place to 
Explore 
Place to Cool 
Down 
Informative 
Funny 
 
 
I like it here and the Chinese and Japanese gardens, because there’s really cool 
things there. 
I picked 7. 
The Cave, I really like the cave. It’s just cool to explore down there no matter 
how many times you have been down there it’s still kind of cool. Even if it’s a 
hot day you can go down to the cave and it’s cooler down there and shady. 
I think I like the weed jail and graveyard b/c it’s funny and it also tells you 
something. It gives you info on you know, the types of plants that are 
endangered and also the types of plants that are bad for the environment. 
I think I like the weed jail and graveyard because it’s funny and it also tells you 
something. It gives you info on you know, the types of plants that are 
endangered and also the types of plants that are bad for the environment. 
Well, the caves way up there. Water area. Oh, in the graveyard I saw all the 
ones that are endangered and the wanted plants, why they’re classified as bad 
too.   
? ? ?
?
?
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Sample Size = 8 children participants.  
 
 The garden setting or source of the interview data is indicated in the participant code. For 
example, “Boy 3NY” or “B3NY” indicates the first, that a boy made this comment, he was the 
third boy interviewed in that garden, and “NY” identifies that he was at the New York Botanical 
Garden (NYBG). Additionally, “M” represents for the Missouri Botanical Garden (MoBot) and 
“H” represents the Huntington Botanical Gardens (HBG). The interview data in Table 4.13 
indicated that the children’s favorite participatory garden features at the HBG children’s garden 
were: Magnetic Sand, the Marble Jets, the Prism Tunnel, and the Vortex and Water Bells were. 
This interview data supported the findings from the visit frequency data in Table 8. The MoBot 
children’s responses also supported the visit frequency data findings that the children like the 
participatory garden features that facilitated active play such as the Tree House with its slides 
and rope climbing. The NYBG children’s interview data also supported the visit frequency data 
from this garden indicating that children like the facilitated participatory features best. Children 
also mentioned that one of the things they liked about these garden features was being with other 
children, “And the kids are pretty cool.” These results were validated by the parents’ / guardians’ 
interviews. The parents’ were asked what participatory garden features their children liked in the 
children’s garden. The parent interview data is provided in Table 4.14. 
 
 
(Table 4.13 continued)?
Girl 6M 
(8 yrs.) 
General Store 
Social 
Creative Play 
 
 
Locks & Dams  
 
Root Swings 
 
 
Splash 
Water 
 
I like to do a lot. I like to do the shops over there (Gen. Store) and the water 
part and then, I think that that is it. And the kids are pretty cool.   
I like the store, because at home I have this little kitchen and it’s fun to cook. 
And this is the magic house, I pretend to buy stuff & that’s fun. 
 
Yes, I like this (locks & dam).  
 
I think that it is fun to swing. I’ve been going to gymnastics for a long time & I 
think that is why I like that.  
 
This, I really like swimming & skiing & knee boarding. And I like to play in 
water a lot.   
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Table 4.14 
Parent Interview Data. Children’s Favorite Participatory Garden Feature 
What do your children like in this children’s garden? 
Participant Inductive Theme Parent Response 
Mom 1H 
 
Vortex & WB 
Water 
Sensory Exp. 
You see the kids, they are very attracted to the water? (She points 
to the Vortex & Water Bells.) They love the water. In the winter 
it’s very different, it’s cold. 
 
Mom 2H 
 
Vortex & WB 
Prism Tunnel 
Water (W) 
Outside 
He definitely likes the water, but he likes the tunnel too. The kids 
like to be outside, especially in California where it has the nice 
weather. 
???? ? ??????? ? ??
Water 
Child’s Scale 
?
Mom: oh the water, he loves the rain, and the volcano. He really 
likes the sound where you throw stones in there and it makes 
sound. There is a magnet powder to play with over there, he loved 
that, but he also likes to play in the water, whatever. I have to pull 
them away from the little stream over there 
Me: So you would say, if they had to make a choice, what would 
they spend the most time at? 
Mom: Here (the children’s garden), oh between all these (garden 
features), over there. (Mom points to the Vortex & Water Bells.) 
Me: the fountains 
Mom: yes 
Me: and why do you think that is?  
Mom: Because there’s more water. 
Me: Because its summer time and they want to keep cool? 
Mom: It’s water. (She laughs.) 
Me: Now I’ve been watching since Monday and they were closed 
Tuesday but this is what the little ones seem to enjoy. (the Marble 
Jets) Why do you think they like this? 
Mom: Because, there size.   
Me: what do you want to say? 
Little kid: (plays in the vortex & water bells)  
Me: you like the fountains 
Mom: The fountains and right here (Marble Jets) are popular. 
?
Mom 6H 
 (2yr old son)?
Vortex & WB 
Pebble Chimes 
 
 
Sensory Experience 
Experiential learning?
He loves the water and Marc’s really into instruments and music 
so he really loves, I don’t know what that’s called with the little 
nails where he puts pebbles.(Pebble Chimes) 
He really loves that, he actually sits there, he is a very active little 
boy. So, the fact that he actually sits there for about 5 minutes and 
plays with that really says a lot, he really likes that, he loves the 
water and he also likes drinking the water (laughs) 
He’ll play um. He will do the scales on the piano and the 
harmonica. 
 
Mom 6H 
 (2yr old son) 
 
 
Vortex & WB 
 
Water 
  
Yeah (laughs) yeah, he will be fine. He likes to go from one pool 
to another. You know, like I said, he is active as he runs out the 
door.  
He has been really into the water, so, yeah and he will just take 
off. 
Mom 6H 
 
Experiential 
Learning 
Oh, well. He is a little engineer. He likes to see how things work.   
Like right there he is, like, hmmm, How is this coming out? 
Oh yeah (He learn better in setting like this garden.)…Like I say, 
he is a very active little boy.  It’s really difficult to sit and read 
books, but this is definitely more kind of what he enjoys.  
? ? ?
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(Table 4.14 continued) 
Mom 5H 
 
Magnetic Sand,  
Prism Tunnel,  
Fog Grotto, Topiary 
Volcano 
Water 
Sensory Exp. 
Creative Play 
 
The magnetic area?  She loves science, so I thought she would say 
that.  You like the magnetic area the best?  What do you like the 
best? A: I don’t know. 
Mom: You’re not sure?  A: I like the rainbow tube. 
Mom: You like the rainbow tube?  A: I like the mist house, the 
mist volcano.   
 
Mom 1NY 
 
Seed Cart  
Boulder Maze  
?
Experiential 
Learning 
Active Play?
Mom: Umm, I think they’re liking anything that is tactile, like 
anything that they can, like opening the drawers, playing w/ 
though butterflies, and obviously the little carts here. If they can, 
the interactive aspect of it. They are not so much into these things 
which I thought were cool (topiary caterpillars). 
They want to do, they want to use their hands. 
They like the rock climbing. I think so. 
 
Dad 3NY Crafts  
Frog pond  
Water  
Facilitated activities 
Artistic Play 
 
Umm, pretty much the art stuff they make here, the planting, the 
beans, pretty much everything.  
Yeah, it just hitting it at a certain point (to get the water to shoot 
up at the Frog Pond). That’s cool though. It gets the kids attention. 
What is this here, what’s in this part? (Signage around Frog Pond 
points to circle that walks you around w/ signs)?   
 
Mom NY 
Grandmother 
1NY?
Facilitated Activities Mom: I think it does help b/c I go to the garden and ____ 
(signage). I mean just for the kids they like the younger people, 
the younger docents. It’s like somehow they (laughs), they’re able 
to listen to them more readily. So, this is effective in terms of 
having 
Grandmother: (joins in) in terms of having young volunteers.   
Mom: Young, teenage volunteers. 
Mom: They like the edible things too (fruit roll-ups give by the 
Explainers at the end of a lesson). When they do edible things 
(laughs).  
?
Grandmother 1M? Tree House 
Active Play?
Well, just all the playthings here. Yeah, the little tree houses and I 
hear them yell, “Let’s go to the tree house.” 
?
Mom 4M 
?
Climbing Features 
Experiential 
Learning 
Active Play 
His favorite features are the climbing ones: the giant tree house, 
mushroom, and the double tree. He likes hands-on experiences. 
Likes museums that have hands-on experiences and zoos when 
they are doing things.?
Sample size: 25 parents 
  The parent or guardian interview data (Table 4.14) indicated that the HBG parents 
believed that Vortex & Water Bells, the Magnetic Sand, and the Prism Tunnel were their 
children favorite participatory garden features. The elements and developmental needs in these 
features were: water, sensory experiences, loose parts, creative play, bright colors. The parents 
expressed very definite responses about their children’s attraction the water features, “He 
definitely likes the water,” “He’s been really into the water,” “you see the kids, they are very 
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attracted to the water. But in the winter it is different. It’s cold,” and “Because there’s more 
water. It’s Water!” This is consistent with the finding from the visit frequency data, which 
showed that 155 students visited this participatory garden feature. 
 The NYBG Parent Interview Data also supported the Visit Frequency Data by indicating 
that the children liked the facilitated activities or features the best listing reasons such “It’s like 
somehow they (children) (laughs), they’re able to listen to them (Explainers) more readily.” 
NYBG parents also indicated their children like the hands-on and interactive activities, such as 
opening the drawers on the Seed Cart and making the water shoot up at the Frog Pond.    
 Again, the MoBot Parent Interview Data strongly supported the Visit Frequency Data. 
MoBot parents and guardians indicated that their children liked the active “play things,” 
specifically the climbing features. This is the aspect of the MoBot children’s garden that the 
children mentioned in their reasons for liking the bridges, root swings, and other participatory 
features at the MoBot children’s garden. 
4.2.2 Research Objective 2 
 The interviews of both the children and their parents or guardians addressed the second 
objective of this study by providing insight into which participatory garden features were 
facilitating the development of an awareness and knowledge of plants in children. In the 
interviews the children were asked if they thought they learned about plants in the children’s 
garden and which participatory garden features helped them learn about plants. The children 
were also asked if they had experiences with plants beyond the children’s garden. Parents were 
asked if they thought that their children learned about plants in the children’s garden and about 
their and their children’s previous experiences with plants. While the interview data indicated 
whether children learned about plants in the children’s garden, this data also provided evidence 
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of alternative explanations for the children’s knowledge and awareness of plants such as plant 
experiences with plant mentors or in formal education settings. 
 Also, during the children’s interviews the children were asked questions from the Plant 
Attitude Scale, a five-point Likert-like scale (Appendices 10). Table 4.15 provides the mean 
scores from the children’s responses. The mean scores are ranked from highest to lowest. 
Table 4.15 
Plant Attitude Scale 
Question Mean 
I think it is important to have plants on Earth. 4.81 
I enjoy coming to this garden.  4.65 
I think plants help people.  4.65 
I know someone who grows plants/ has a garden.  4.44 
I would rather come to this garden than a zoo.  4.24 
I like to help in a garden. 4.17 
I like to grow plants.  4.06 
I like to learn about plants.  3.89 
I like to eat plants.  3.83 
I like plants.  3.82 
I ask to come to this garden.  3.33 
Plants bother me.  2.53 
Questions are ranked from highest to lowest mean. Sample size = 25. 
Scoring is on a five point Likert –like scale: 1. Never like me; 2. Seldom like me; 3. About half 
of the time like me; 4. Usually like me; 5. Always like me. 
 
 This range in scores between the positive question about plants and the negative question 
about plants indicates that the children that visit this garden have a positive attitude about plants 
and an awareness of the importance of plants.  
4.3 Evaluation Framework for Informal Science Education 
 Research on science learning in informal environments (Fenichel & Schweingruber, 
2010) indicated that the first step in understanding how to assess and facilitate science learning 
in informal environments is to develop a full picture of what it means to do and be proficient in 
science. The Strands of Science Learning (Figure 4.1) introduced by Bell et al. (2009) described 
the skills, attitudes, and habits of mind demonstrated by learners who are proficient in science. 
However, Bell et al. (2009) described the six strands as much more than the acquisition of 
disciplinary content knowledge and process skills. “ . . .Science learning can be envisioned as 
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strands of rope intertwined to produce experiences, environments, and social actions that provide 
strong connections to pull people of all ages and background toward scientific understanding, 
fluency, and expertise” (Bell et al., 2009, p. 42).  
Figure 4.1. Strands of Informal Science Learning (Bell et al. 2009, p. 43) 
The strands of informal science learning provided a framework of the behaviors and 
learning outcomes that were possible in the children’s gardens. This framework was used as a 
guide to recognize evidence of science learning during the analysis of the narrative data. 
Research in landscape architecture (Tai et al., 2006) also provided insight for the narrative data 
analysis.  
4.4 Developmental Needs of Children 
Tai et al. (2006) believed that effective children’s gardens are not only educational and 
fun, but that they must also meet the special developmental needs of children. “A child’s safety, 
stimulation, and development are crucial principles in designing these special garden spaces” 
(Tai et al., 2006, p. 24). Tai et al. (2006) insisted that these elements and issues (sensory 
experiences, scale, safety, retreat, play, plants, wildlife) are essential for effective design of 
outdoor environments for children. Other research (Louv, 2008; Sobel, 2011) has also 
Strands of Informal Science Learning 
Stand 1. Developing an Interest in Science 
Experience excitement, interest, and motivation to learn about phenomena in the natural and physical 
world.  
Strand 2. Understanding Science Knowledge 
Come to generate, understand, remember, and use concepts, explanations, arguments, models, and 
facts related to science. 
Strand 3. Engaging in Scientific Reasoning 
Manipulate, test, explore, predict, question, observe, and make sense of the natural and physical world. 
Strand 4. Reflecting on Science 
Reflect on science as a way of knowing; including the processes, concepts, and institutions of science; 
and on their own process of learning about phenomena.  
Strand 5. Engaging in Scientific Process 
Participate in scientific activities and learning practices with others, using scientific language and 
tools. 
Strand 6. Identifying with Scientific Enterprise 
Think about themselves as science learners and develop an identity as someone who knows about, 
uses, and sometimes contributes to science  
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established the importance of meeting these developmental needs of children. Through 
unstructured outdoor play in natural settings such as the free-choice environments provided in 
these gardens children develop their mental dexterity, an understanding of the natural world, and 
a bond with nature (Louv, 2008; Sobel, 2011). 
 The benefits of unstructured outdoor play, described by these researchers and others 
(Louv, 2008; Sobel, 2011, and Tai et al. 2006), also contribute to learning and cognitive 
development (Langer, 1997), particularly about the plants and the environment. Also, since 
plants are a key element interwoven in children’s gardens features (M. Miller, 2005), meeting 
these developmental needs also supported the children’s development of plant awareness and 
knowledge. Therefore, these needs were also used as deductive themes during the analysis 
process of the narrative interview data. The interview transcripts were analyzed for evidence that 
the participatory garden features had met the developmental needs of participating children 
(sensory experiences, scale, safety, retreat, play, plants, wildlife). The flexibility of the interview 
process also allowed for the emergence of inductive themes from both children and adults. The 
participants’ responses were categorized by the deductive and inductive themes in Tables 4.14 
4.16. 
4.4.1 Sensory Experiences  
 Elements and experiences that appeal to all the senses stimulate children’s interests and 
provide many opportunities for discovery, an essential element for learning in childhood. Young 
children make sense of the natural and physical world using their senses, touching and tasting 
things that catch their attention. Children’s gardens should provide elements and experiences that 
excite children’s senses, encouraging them to look, listen, touch, taste, smell, and discover (Tai 
et al., 2006).   
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4.4.2 Scale  
 Children find elements, such as child-sized chairs and houses, interesting and inviting. 
Small, natural objects, such as rocks and lizards, with their miniscule details encourage children 
to explore on an intense level (Tai et al., 2006). Therefore, children’s gardens should incorporate 
child-sized and detail-rich objects and elements that can be easily handled, reached, or operated 
by children. However, since a parent or guardian must accompany their children in the children’s 
gardens, providing elements that interest and are adults sized is also important. Adults should 
also feel comfortable in children’s gardens, providing adult-sized seating will help adults feel 
comfortable (Tai et al., 2006).  
4.4.3 Safety 
 Safety is an essential consideration in creating successful children’s gardens. The safety 
precautions should be considered during the development of the children’s garden features. 
However, issues of safety and liability should not overshadow the various needs and desires of 
children. Water and height, two of the most desirable elements in children’s gardens, are often 
omitted from the garden’s design due to liability and safety concerns (Tai et al., 2006). 
4.4.4 Retreat Enclosures  
 Like adults, children also need private spaces in which to relax and escape. Children need 
retreat enclosures where they can think and play privately, away from the supervision of adults to 
develop autonomy (Tai et al., 2006).  
4.4.5 Play  
 Play has many important roles beyond recreation. Some play, such as creative or 
investigative play such as exploring with natural materials (e.g. pinecones, sticks, water), 
develops children’s critical thinking skills. Creative play is one of the most important exercises 
of childhood for healthy mental development (Tai et al., 2006). Natural environments rich in 
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“loose parts,” such as dirt, twigs, water, or pinecones provide endless open-ended, experiential 
learning opportunities that encourage discovery and creativity and form the foundation of science 
knowledge (Louv, 2008; Sharpiro, 2010; Tai et al, 2006; Worth, 2007). Artistic play, such as 
drawing or creating a craft, is an expression of self. Active play develops gross motor skills and 
physical health. Children’s gardens should provide safe places where children can engage in 
active play. Each type of play contributes positively to a child’s healthy development and 
education (Tai et al., 2006).  
4.4.6 Plants  
 “Plants are essential, beautiful elements in children’s outdoor spaces” (Tai et al., 2006, p. 
31). The plants in children’s gardens should be hardy, interesting to children, and safe. Some 
plants present safety hazards such as plants that have poisonous parts or plants with thorns and 
sharp blades. Plants that have particular attraction and interest to children are plants that excite 
their senses, such as brightly colored plants and plants with flowers, fruits, or scents. Plants that 
exhibit unusual behaviors intrigue children (e.g. carnivorous plants and floating plants.) Plants 
that provide “loose parts,” such as pinecones, acorns, or nuts encourage children’s creative play 
and also stimulate children’s interest in plants (Tai et al., 2006). 
4.4.7 Wildlife 
 Observation of wildlife, especially animals, is a favorite pastime for childhood and 
nurtures children’s development of a sense of the wonder of nature and environmental 
stewardship (Sobel, 2011; Tai et al., 2006). Children have a natural attraction to animals for 
many reasons, including movement in the landscape (Tunnicliffe, 2006; Wandersee & Clary, 
2006). Plants in wildlife areas also serve dual purposes; they give the area aesthetic value and 
attract animals by providing food, shelter, and a place to raise young for animals (Tai et al., 
2006). 
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4.5 Qualitative Data Analysis 
 During the initial phase of the analysis process, many themes that resembled the strands 
of informal science learning and the children’s developmental needs emerged from the interview 
data. The strands of informal science learning and the developmental needs of children were then 
adopted as deductive themes from previous research (Bell et al., 2009; Fenichel & 
Schweingruber, 2010; Louv, 2008; Sobel, 2011; Tai et al., 2006; Tunnicliffe, 2000; Wandersee 
& Schussler, 1999). These deductive themes were useful for identifying evidence of science 
learning and evidence that children’s developmental needs were being met by the children’s 
garden. Also, the flexibility of the semi-structured, responsive interview procedure allowed the 
researcher to investigate the participants’ responses by questioning further for greater meaning. 
Inductive or new themes from the data emerged as a result of this interview process.  
 Tables 4.14, 4.16, & 4.17 list the deductive and inductive themes along with sample 
children’s responses that supported each theme. Tables 4.16 & 4.17 provide supportive meaning 
units from the parents’ interview data. The parents and guardians talked longer and more openly 
than the children so their meaning units are much longer. The parent data was categorized by the 
interview questions. Unlike the quantitative data that was organized by the garden then compared 
across gardens, the interview data was categorized across the three children’s gardens.  
Table 4.16 
Themes from the Children’s Interview Data: Strands of Science Learning 
Category Deductive 
Theme: 
Strands 
Response 
Strand 1 S1:  
Interest, 
Excitement,  
& Motivation 
I like the rainbows around us, it was so cool and it was just the awesomest think 
ever.   
 
Strand 2 S2: 
Understanding 
Content & 
Knowledge 
 
Moss is like green stuff that   It’s algae or moss, it’s like this green plant that uh, 
that its feels kind of fuzzy and sometimes real fish eat it. 
 
I’ve learned about what type of environments they (plants) need or how much water 
or different simulations you can go in, like that’s a cloud. So, it shows how clouds 
are made, rain, it’s interesting. 
?
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(Table 4.16 continued) 
Strand 3 
 
 
 
Strand 3 
S3:  
Scientific  
Reasoning 
 
S3:  
Scientific  
Reasoning 
 
…Also I liked that the water is hot and cold (in the two pots). So, I could feel that 
one is warm. The moss grows in the warm water and (I can) feel the moss.  
 
 
(Me: What station taught you that?) Well, mostly over there. (She points to a small 
water garden.) Well, actually you can just look and see.  
 (Me: The way they are planted in different places?) 
Exactly. So it shows. Well, the palm trees, they are in a desert section. Well, you 
can actually see (She points to the succulent garden.) 
 
Strand 4 S4:  
Reflecting  
on Science 
 
Then I would have to pick the weed jail because I never knew that honeysuckle was 
a weed. Sometimes I drink the nectar because I think it’s great. I never knew that I 
was actually drinking the nectar of a weed. 
I think just reading is fascinating and it’s interesting that… Some of those (weeds in 
jail) I didn’t even know existed. Like, I found out a lot cool things. Some of those I 
have seen before, I knew, but when I saw a certain white flower I was like, “Where 
did that come from?” I didn’t know that…so, I think it is just very interesting.   
 
Strand 5 S5:  
Culture  
of Science 
 
None 
Strand 6 S6:  
Science 
Identity Build. 
 
None 
Sample Size: 40 children. Note: This is only a sample of responses.?
 
          The children’s interview data (Table 4.16) showed evidence of children’s science learning 
in these children’s gardens. The children’s science learning that occurred in the children’s 
gardens were categorized into the first four strands of informal science learning: Strand 1 
(Interest, excitement, & motivation), Strand 2 (Understanding content & knowledge), Strand 3 
(Scientific reasoning), and Strand 4 (Reflecting on science). Evidence of learning from Strands 5 
(Culture of science) and Strand 6 (Science identity buidling) was not found.  
                The children’s interview data in Table 4.17 were analyzed for evidence that the 
children’s gardens were meeting the developmental needs of children. These development needs 
were used as the deductive themes. The inductive themes emerged directly from the interview 
data. Sample quotes from the children’s interview data provided evidence of these themes.  
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Table 4.17 
Themes from the Children’s Interview Data: Developmental Needs? 
 Deductive  
Theme:  
Dev. Need 
Response 
Children’s 
Develop. 
Needs 
 
Sensory 
Experiences 
 
I like that I could, and have it hop on me sometimes and also I like that the water is 
hot and cold. And I like to feel the fuzzy moss. 
Need Scale 
 
None 
 
Need Safety None 
 
Need Retreat None 
 
Need Play: 
Creative 
Artistic 
Active 
  
Cp: We love that because we made up a game. 
Art: I also liked making by bee (out of clay). 
Act: Climbing stuff, the roots under the tree platform.  
 
Need Plants: 
Tree 
Flower 
Other plant 
 
Tr: What about the roots of a tree?   
Fl: I like the yellow and orange flowers (marigolds). 
Pl: The moss grows in the warm water and I can feel the moss.   
 
Need Wildlife I liked spotting the turtle too. 
?
Boy: What I want to see is more wildlife, more nature. Like a wild place you could 
go and see wildlife. It would probably be a great place for people who want to see, 
it would probably be a great place for fieldtrips if people want to study some 
animals or stuff or study plants b/c they would be they would be growing all kinds 
of different plants to bring different kinds of animals.   
 
Grandmother:  Can’t you see that at the zoo?  You see animals at the zoo. 
Boy: No, b/c they’re caged up. They are caged up or you can’t find them.  In 
wildlife you can see how they really live, their natural habitat, not locked up. 
? ? ?
 New  
Finding 
Inductive 
Theme 
Response 
  
Social Place 
I spent time w/ (my sisters & brother) in there. We had fun in together, we told 
stories w/ my Grandma and he had a very fun time. (boy,  
That’s not my favorite thing. My favorite thing is playing w/ my friends and 
cousins. 
 
I like to do a lot.  I like to do the shops over there (Gen. Store) and the water part 
and then, I think that that is it.  And the kids are pretty cool too. 
(Girl, 8 yrs.) 
 
 Aesthetics I think this is a nice garden. I think it is pretty 
 
 Cool Down 
Place 
Even if it’s a hot day you can go down to the cave and it’s cooler down there and 
shady. (boy, 12 yrs.) 
I wish it was inside, I don’t like to be hot. 
(boy, 7 yrs.) 
 
? ? ?
?
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Sample Size: 40 children. Note: This is only a sample of responses. 
 
The children’s data (Table 4.16 & 4.17) revealed the following themes:  
 (a) Deductive Themes: Evidence of Science Learning: Strand 1: Interest, excitement, & 
 motivation to learn science, Strand 2: Understanding the content and knowledge of 
 science; Strand 3: Scientific reasoning; Strand 4: Reflecting on science  
 (b) Deductive Themes: Children’s Developmental Needs: Sensory experiences; Play: 
 creative, artistic, and active; Plants and wildlife.  
 (c) Inductive Themes: Aesthetics; A place to cool down; Water; Bright colors 
 (d) Inductive: Experience Themes: Free choice-open-ended experience, Botanical garden  
 
 experience, Positive experience   
 
 (e) Inductive: Learning Themes: Too busy playing. 
 
 (Table 4.17 Continued) 
 Water And I like to play in water a lot. (girl, 5 yrs.) 
(I come here) because it’s fun, we enjoy coming here, because it’s water and there’s 
lots of kids. (girl, 11 yrs.)\ 
 
 Bright Colors I like the orange ones. Do you know what they’re called? 
 
 Free Choice 
Open Ended 
Experiences 
 
 
It’s really fun to play at and there’s nothing that you cannot do and you can pick, it’s 
not like a toy, you can do anything you want. (girl, 8 yrs.) 
 Botanical  
Garden 
Experience 
The children’s garden is a good place, but w/o it (the children’s garden) the 
botanical garden is still great. (boy, 12 yrs.) 
 
 
 Positive 
Experience 
It’s awesome to come here. It’s one of the places I think of to come when Mom 
wants suggestions. (boy, 12 yrs.) 
 
 Too Busy 
Playing 
(No) I was too busy playing.  (Replied yes at first, but when asked what he learned 
he thinks for a while and changes his mind)(boy, 12 yrs.) 
 
 
 
Fun Place (I come here) because it’s fun, we enjoy coming here, because it’s water and there’s 
lots of kids. (girl, 11 yrs.) 
 
Things 
Children 
Would 
Add to the 
Children’s 
Garden 
Different Plant 
Environments 
Well, I’m thinking, like different environments. Like one place could be a desert, 
one should be a rainforest, and then maybe another cloud or different environments 
and what plants grow there. Like rainly climates or very humid. What happens. 
(girl, 11 yrs.) 
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Table 4.18 
Themes From Parent and Guardian Interview Data 
Why do you bring your children to this garden? 
Participant Inductive Code Participant Response    (Parent, Guardian)  
Mom 1H 
 
Nature is always 
changing 
 
Place to Cool 
Down 
Every membership we have had after 10 or 12 times they get bored, but 
there’s always something to do b/c this is nature. You can always find 
something, even if to stroll. They just started it and it’s amazing how it’s 
grown so fast. B/c we used to sit here and it was so hard, there was no 
shade what so ever. Now, it’s already shady. That’s cool. 
Mom 7H 
 
Nature is always 
Changing 
And we have been watching over the last 6-8 weeks the grapes appear and 
get larger and larger.  It’s great because we were talking about that and it’s 
really neat to see the change in the agriculture and the plants. 
Mom 1NY 
 
Educational 
Experience 
So, I’m trying to make it very educational for them. We do a museum every 
week.  
Mom 2NY  
& Dad 1NY 
 
Cultural 
Experience 
 
When I found that they are pairing w/ the wine tasting and home grown 
foods and the music. I said, “We need to go and just do this today.” And 
it’s really bringing the garden to a cultural level.  (2 sons: One is in a wheel 
chair, so he has special needs in the garden) 
Mom 4M 
 
Cultural 
Experience 
We come to the special exhibits at the garden (larger bot. garden) like the 
art exhibits, Chala (glass scultures). 
Mom 2NY & 
Dad 1NY 
What they like 
about the 
garden 
 
Meeting the 
needs of  
Children with 
Disabilities 
 
Mom 2NY & 
Dad 1NY 
Son with disability 
can get right up to 
the exhibits 
 
Hands on activities 
Accessible for 
wheel chair (gentle 
ramps on the trails) 
 
Nature Journals  
 
Topiary 
Caterpillars 
They do have so much to offer for the kids.  
You know, I am also thrilled by that we could get right up to the exhibits, 
there’s not a big crowds.  When it hot and we have special needs, so there’s 
some accessibilities issues for us.  And hands-on is key for his learning. 
Dad:  It was good to see that the little trail had cement ramps, most places 
don’t think of that.  To have the very gentle ramps going into the up trails. 
Mom:  And the soft mulch, b/c we learn through experience and when we 
can get him out of his wheel chair, he can crawl around.  That’s key to us 
too. it’s got to be hands-on for all children.  
Dad: Which is cute, nice thing. 
volunteer at the cart.) 
Mom: (Mom and son look at topiary caterpillar.) I love these, who 
wouldn’t. 
Grandmother 
1M 
Fun Place I planned it this morning b/c I was babysitting them all day and I wanted to 
take them some place fun.   
Mom 4H 
 
Unstructured Play 
 
This is great. They can just run around. 
 
Mom 1H 
 
Aesthetics  
 
We love it. It’s a beautiful garden.   
Mom 5H 
 
Field Trip Sparked 
Interest in 
Children’s Garden 
The first time was w/ a field trip and we didn’t get to see all this b/c it was 
so short.  So, we came today.   
When she came on the field trip they didn’t get to come to the garden 
(Children’s Garden). But they (girls) knew that it was here. 
Mom 1M 
 
Field Trip Sparked 
Interest Children’s 
Garden  
 
Chose Children’s 
Garden over Zoo 
(My son) asked to come to the garden b/c he came on a field trip w/ his 
school.  
 
 
 He convinced his sister, to come to the garden instead of the zoo. She had 
originally voted to go to the zoo instead. 
 
Dad 3NY Asked to come 
after coming on a 
field trip. 
Dad: Second for her, she’s the one who actually brought us here.   
Dad:  She kept telling us about it, she took the school tour.  She said, 
“Daddy, We have to go.” So, the two of us had never been here.  B/c of her 
keep talking about it, we came.  
 
?
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(Table 4.18 continued)?
Mom 7H 
 
Appeals to all ages This is a nice combination. And this I really feel, is not a children’s 
environment, it’s just scaled to children’s level. So, it’s scaffold. So, it’s 
appropriate to them and they can appreciate a lot of scientific educational 
things, but its not in my opinion, I mean, an adult can appreciate this space 
as much as a child. And I think a child can enjoy all the other spaces 
outside of the children’s garden 
 
Did someone bring you to gardens or garden with you when you were a child?  
Can you tell me about your experiences with plants? 
Mom 2H 
 
Plant Mentor (PM)  
(PM: M’s Mom & 
Mom’s Friend to 
Mom) 
Umm, we didn’t garden, but she (her Mom) took us outdoors quite a bit. 
She would not take us to gardens a lot, but she’d take us to parks and things 
like that. 
Yeah, my Mom’s friend. We’d go there and play in the garden and look at 
the flowers and the trees. 
 
Mom 4H 
 
(PM: M’s Father to 
Mom) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Grandfather to 
Children) 
Yes, my parents  (brought me to formal gardens) once a year  
You know my father had a real appreciation for nature so my niece and I 
were just talking about that.  How we kind of … He always pointed things 
out to us on our travel.  “Look at the ____, look at the sky.” So, I, even as 
an adult, still do that, “ Like, look at the pond, look at the beautiful 
flowers.” So, I find myself doing that w/ my children all the time b/c that’s 
what I, that’s what we were saying.  I spend my summers, we (my family as 
a child) would go to the CA missions and I would say that. And when 
they’re older I want to do that. You kind of achieve what you did. 
Yeah, yeah. Very much my father, my mom would come along, but it was 
him initiating it and her just coming along. And he was who planted our 
garden and cared for it.  And he grew his own chilies and made his own 
salsa. It was his thing and that’s where I think our interests came from and 
like even when they were little, I would take them to the zoo b/c the 
animals were there, but so were the plants. And so, from the time that they 
were very little, they…I like outdoor environments so. But, my husband, on 
the other hand (laughs), they would never have any experiences like this if 
it wasn’t for me do it.  So, it’s funny how one parent kind of takes the lead 
in that.   
It was interesting, even when my father was alive and they were little. What 
did Grandpa, Little Grandpa take you and do w/ you in the backyard? Girl: 
Go on a rabbit hunt.   
Yeah, we always had rabbits and he would take them (girls) out, they were 
probably two, and he would take them out to hunt the rabbits. And he 
would let them look for the rabbits in the plants. It was cute. We have 
pictures of it. 
  
Mom 8H 
 
PM-P: Grandfather 
to Mom 
Yeah, like my grandpa. My grandpa, he grew a lot of orchids and he did 
Bonsai. 
 
Mom 6H 
 
PM-P: 
M’s Mom 
He does because when we’re in my Mom’s garden. We do a lot with plants. 
We planted carrots. 
 
Mom 7H 
 
PM-P: 
(plant & animal 
mentor) 
(Mom to child in 
garden) 
Mom: (points out a lizard to daughter.) Here’s a lizard, do you want to 
come see? Look it’s camouflaged. (They follow the lizard around and 
discuss camouflage.) (To me) We actually saw the lizard doing push-ups. 
Did you know that about lizards? When they get a little nervous, they do 
push-ups and they palpitate.  
 
?
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(Table 4.18 continued)?
Mom 7H 
 
PM-P 
Mom’s parents 
Umm, as a kid I would go to Yosemite. I lived in San Diego as a kid and 
my parents took me to parks and I was very active as a kid. I find my 
generation is a lot patient then their generation.  I spent a lot of time reading 
in parks you know. Well, my parents let me go in the canyon, just 
wondering around, unstructured, well, not unsupervised, but unstructured. 
Well I guess, living in LA. I just really wanted to make sure, like, this is the 
canyon. You know, that I was providing that kind of environment where 
she can just be free. 
 
Mom 
2NY &  
Dad 1NY 
 
PM-P Mom: It’s not my first time here. My earliest memory I think is walking 
through the garden w/ my grandfather picking tomatoes and loving 
tomatoes.   
Dad: I earliest memory is the excitement of my Dad cutting a giant 
zucchini. 
Mom: Yeah, and you just come to realize that the food is better when it is 
grown. I don’t eat store tomatoes.  
Mom: We also have an herb garden and I’ve heard they also have a nice 
herb and medicinal garden, what they would have gardened for in medieval 
Europe. They have all of the medicinal herbs.  
 
Mom 3NY, 
Grandmother 
1NY& 
Grandfather 
1NY 
PM-P 
Grandparents 
brought parents to 
NYBG 
Grand Mom: Well, we brought our children here. When she was little. They 
liked that too (pointing to blocks in room). 
 
Grandmother 
1M 
PM-P Grandmother: I grew up in Illinois and actually I was born on a farm. So, I 
have always enjoyed plants  
Ah, but I do enjoy coming to, having my space in the flowers and looking 
at the vegetable gardens and we have a little square foot garden in our 
backyard.  
 
Grandmother 
2M 
PM-P I lived on a farm. I had a Grandmother who planted everything under the 
sun b/c she loved flowers and I grew up appreciating flowers.  
  
Mom 1M 
 
PM-P My mother brought me to the Missouri Botanical Garden when I was a 
child. 
 
Mom 4M 
 
PM-P My Mom brought me to this garden when I was a child. 
Mom 1H Plant Experiences 
(PE-P) 
 
PM-C 
You know I’m from Israel. So, it’s completely different life from Los 
Angeles. We used to eat fruit out of trees. All the neighborhoods are full of 
trees. But I’m doing it w/ them (her children) too. So, we stop at trees and 
we eat.  People look at us like we are crazy. People don’t do that here.  You 
see, the trees are full of fruit, you have no idea.  I love it.  I just eat it from 
the trees.  I’m trying to provide them what I had in my childhood: a normal 
life: to smell, to see, to taste, to touch. 
Mom 2H PM-P We didn’t garden, but she took us outdoors quite a bit. She would not take us 
to gardens a lot, but she’d take us to parks and things like that. Yeah, actually
we did have a garden. Now that I remember, we did have a garden at one 
point and we liked to do that. What else as a kid, we liked to play outside a 
lot, but for a short period of time we had a garden.   
 
Mom 5H PM-P Yes, we grew tomatoes, zucchini and things like that in the yard.   
Yep, in our front yard (grew flowers as a child) 
 
?
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Do you teach your children about plants? Do you garden with your children? 
Participant 
 
Plant Mentor (PM) 
For Children 
Parent Response 
Mom 2NY & 
Dad 1NY 
( 
PM-Mom, Dad, &  
 
Mom: Son, do you remember when we say the bubble bee on the 
coneflower at home and I told you to look at the legs?  They were all full of 
what?   
Explainer: So as long as the pollinator has the pollen stuck on him, he goes 
to another flower.  So when he goes to drink the nectar from the other 
flower the pollen starts falling off (The volunteer and the Simon act the act 
out w/ puppets as she talks.) and the pollen sticks.  Do you know what 
happened to that flower now?  Everything starts falling off. (They take off 
the petals.) And you what happens to this? 
 
Mom 1H 
 
PM-Mom But I’m doing it w/ them too. So, we stop at trees and we eat. I’m trying to 
provide them what I had in my childhood: a normal life: to smell, to see, to 
taste, to touch.    
 
Mom H PM-Mom Yeah, in pots (growing plants). I had a garden at one point, but I killed 
everything 
 
Mom 5H 
 
PM-Mom Yes, as much as I know. Like, just in observation. Like we were just in 
Arizona last week and I said, “Look at the saguaros and look at the octaves 
(?). They only grow in this desert.” And that way. What I know, I share. 
Flowers, but not vegetables. We’re growing our first batch on soybeans. 
It’s just in a pot so far  
 
Mom 8H 
 
PM-Dad Yeah, she likes to go too (in the conservancy) because there’s some hands-
on stuff that she can touch and look. Yeah, she likes it. Yeah, but usually 
her father is in charge to teach her because, you know, I don’t receive 
education here, so, it’s harder for me. I just come here and be with them 
and her father will teach her.   
 
Mom H PM-Dad My husband does a little bit, but I do not. 
 
Mom 6H 
 
PM-Grandmother He does cause when we’re in my Mom’s garden. We do a lot with plants. 
We planted carrots. 
 
Mom 7H? PM-Mom? We have been watching over the last 6-8 weeks the grapes appear and get 
larger and larger (in the children’s garden). It’s great because we were 
talking about that and it’s really neat to see the change in agriculture and 
the plants.   
And we have a vegetable garden at our house where we grow food. So, she 
talks about her garden and she plays. 
We spent quite a while in the Japanese Garden and we went to the rose 
garden and today we are going to the Chinese Garden.   
?
?
?
?
(Table 4.18 continued)?
Mom 1NY 
 
Mom: No Plant  
Experience, but 
Dad does have 
garden 
 
PM-C 
 
Mom: No.   
know. My husband, he does our garden, prune our trees.  He’s into it.  
Mom: My daughter a little bit. But it’s not really, I mean, other families do 
more than we do.   
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Mom 7H 
 
PM-Mom  We also have been in side the buildings; both the botanical and then there 
is the science experiments. Although they are geared for a slightly older, 
primary elementary education level or higher, but we did some work with 
some of those. 
We usually come with another child her age and look there’s strawberry 
plants there. We have strawberry plants at home. She usually say, “This is 
our garden.” So, she knows you plant things.  I never saw the strawberries. 
Yes , honey, did you know that they have strawberries. Do you want to 
come see? You can’t eat these, but you can come see. Do you want to help 
me count the strawberries?  Look some are white flowers.   Do you think 
those are going to be?  Turn into the strawberries?  You can’t touch them, 
you can’t pick them, this is not our garden.  (Mom and daughter look and 
talk about strawberries.)  It looks like this one is ready to eat, but it’s not 
for us.  Some animal might want to come and eat it. 
 
Mom 7H 
 
Plant Experiences 
in Formal 
Education 
 
You know we, she goes to a preschool that really, it’s a “Reggio?” They 
actually do organic gardening at her preschool and we own a home. We 
have a modest amount of land in the backyard and I just decided that I was 
going to put in a garden. We have zucchini now from seed. We grow green 
beans and carrots. We’re growing tomatoes and peppers, and cucumbers 
and strawberries and I have eight herbs. So, for me, I like the reward of 
growing food and I share it.  For us it’s like uh.  It teaches her the cycle of 
growth and how things arrive, they just don’t come to the supper market.  
And then also we do a lot of baking w/ it and sharing it.  She sees me 
giving it to other people and the communal aspect of that.  So, to me that’s 
really important.  (Mom tells other parents that they (the garden) doesn’t 
want the kids to sit in the fountains, etc. She tells them, “We come a lot.”). 
Um, for me that important., the charitable aspect of it.  We trade, I have a 
neighbor who has lemons and we just traded zucchini for lemons. I do a lot 
of that w/ her and we do a lot of hiking. There’s a really amazing 
organization here in LA called the Children’s Nature Institute.  And what 
they do, they’re a non-profit, and what they do, I’m on the junior board, 
I’m not trying to push them, but I just love them.  They have two missions, 
their primary mission is to provide nature experiences for school-aged 
children in elementary education, particularly disabled and socio-
economically disadvantaged or physically disadvantaged children. They 
bring them out on nature hikes, they work w/ teachers in the  
Mom: Yeah, stewardship, but also just a well rounded as a person. Because 
this is what you need and you know playgrounds are great. We love 
playgrounds, but that’s not nature. That’s a swing and a slide is not the 
same as getting our hands dirty in the dirt  
 
Mom 2NY & 
Dad 1NY  
PM-Mom & Dad Mom: Well, we do quite a bit of talking around the yard, lightning bugs, or 
whatever it is bugs and plants. What we know. 
 
Mom 3NY, 
Dad 3NY, 
Grandmother 
1NY, 
Grandfather 
1NY 
PM-Grandfather Mom: He does (Grandfather). 
Me: He’s a big gardener? 
Grandfather: (Laughs) Ooh a big gardener. Oooh, this spring, this spring, 
the water we’ve had! 
Me: Is that unusual? I’ve heard it’s been real damp. 
Grandfather: Oh yeah, oh yeah. OMG, the plants grew and have never done 
this before. 
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Dad 3NY PM-Dad Me: Do you grow plants at home? 
Dad: Un, huh, in the backyard. (can’t understand) 
Me: And they (his girls) help you? 
Dad: They prune. 
Me: They prune, good. So, did your parents garden with you? 
Dad: Yeah, uh huh. 
Me: Is that why you continue with them? 
Dad: Uh huh, exactly. I love nature and I want my kids to be into nature 
too. Be more of a nature person. And in fact, that’s what it’s all about. 
 
Grandmother 
1M 
 
PM-Grandmother 
 
Future Implications 
 
 
Me: So do you think that that (coming to the children’s garden) will 
eventually make the kids want to come a botanical garden for other reasons 
later when they are older?   
Grandmother: They know about it, if fact in the car, we were talking about 
how many times they had been to the botanical gardens and who they came 
w/ besides Grammy and Grampy and things like that. I wouldn’t say that 
they help Grampy because it’s just a little garden, but they do go out and 
pick the cherry tomatoes Now, I have flowers in the front, and you know 
So, we talk about it, but I wouldn’t say that it is helping (laughs) much.     
 
Grandmothers  
1M & 2M 
PM-Grandmothers 
Future Implications 
 
Aesthetics 
 
Positive Place 
 
 
Future Implication 
 
 
 
Draws Children  
Grandmother 2: I think my goal is that as they grow up and we come here 
regularly. Even though now it’s about playing and running to the sprinklers.   
Grandmother: And we say, “Isn’t that garden beautiful?”   
Grandmother 2: It’s not that meaningful now, but as they grow older it will 
become meaningful. 
Grandmother: I agree. 
Me: Do you think it kind of instills something?  
Grandmother:  Definitely 
Grandmother 2: And they do love to come here. It’s a positive place to 
come. So, I think that they way it is set up, it is really enticing and then 
children come and do the things like to do when they are small, but as they 
get older they will appreciate the other aspects.  
Me: And if this wasn’t here and it was just the gardens… 
Grandmother 2:They would not want to come.   
 
Grandmothers  
1M & 2M 
PM-Grandmother 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Aesthetics  
 
When our children were young we would come to the garden a lot.   
Me: So, do your children bring them, the grandchildren? 
Grandmother 2: They don’t have memberships. They are that point where 
everything goes to the kids. They don’t come as much as we come with 
them, at least that is my experience.  
Grandmother: Yeah, daughter and her husband are the same way, they 
don’t have memberships, but they come w/ us. 
Me:  You bring them and provide that experience you? Do you think that’s 
important for them to have, that appreciation for plant life?   
Grandmother: Oh yes! 
Grandmother 2: Absolutely!   
Grandmother: It’s part of God’s creation and appreciating the Earth and 
taking care of the Earth and recycling and all of those things that are so 
popular now. But still it’s important and even though I don’t do it perfectly, 
I still believe in taking care of the Earth.   
Me: Every little bit helps. 
Grandmother 2: And I think beauty is just so important. It nourishes our 
souls and in this place where it’s breezes and beautiful b/c we live in the 
city, St. Louis. It’s like a rush to come here and we have a great zoo. 
 
?
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Grandmothers  
1M & 2M?
Kid Friendly? There are so many free things in St. Louis and the garden is free too. If you 
don’t have money to come you can come on Weds. and Sat.  
Me: Yes, I was here yesterday (Saturday) and it was packed. It was packed. 
Grandmother: We are members of the garden just because we feel like we 
should support some civic things, well that doesn’t mean that we come 
every week. But we enjoy coming when we can and supporting some things 
for people. You know, support and enjoy it. 
Me: It looks like in this garden everything is kid friendly. Things can be 
touched. It used to be (in gardens) don’t touch anything and you couldn’t 
get off the sidewalks.   
Grandmother: Oh yes! It is totally kid-friendly, total.?
Grandmothers 
1M & 2M 
Fun Place 
 
Children Will Be 
Plant Mentors For 
Their Children 
 
 
Future Implications 
 
Grandmother 2: I think the kids just grow up thinking about this as a fun 
place to come. And as adults if they live in St. Louis I think that they will 
do the same thing w/ their children. It will just be natural. 
Me: I think that people are beginning to see that if you want to change 
things, if you want to instill not beliefs, but stewardship and things like 
that. You need to start small.  Start w/ the children not the adults.   
Grandmother: I agree and it’s worth the money.   
Grandmother 2: They grow up thinking this is just natural, this is the way to 
live. And that’s true of anything you want to instill in children: morals, 
ethics, and appreciation for beauty. Everything is important to have a… 
Grandmother:  Balanced life that starts early. 
 
Mom 1M 
 
 PM-Mom Gardens with children.  We grow dill, basil, carrots, and radishes.  But 
mostly basil. 
 
 Mom 4M 
 
 PM-Mom 
 
We grow plants at home. 
???????
???
?
?
?
?
?
???????
PM –Grandfather 
 
 
 
 
 
 
PM-Grandfather 
Mom1: My Dad’s real big into that and he, you know. 
Me: He talks to them about the plants.  Does he garden at home?   
Mom1: yeah, he has a garden, like a vegetable garden.  So, they’re big into 
that. My kids really want a garden, but we’re in & out of town this summer. 
So, we haven’t. We usually grow tomato plant in pots.  Our goal is to have 
a garden one day when we get a big yard. 
Me: Well, it’s the same thing.  Do they help w/ that.? 
Mom 1: Yeah, well, they like to water (the plants). In fact, they love to go 
outside and spray the plants w/ a spray bottle. 
Mom 2: My Dad’s a gardener.  He will take them to the garden & pull 
sugar snap beans right off. 
 
Mom 5M 
 
 
 
Mom 6M 
 
 
 
 
PM-Mom’s Mom 
Mom1: I grew up in Hawaii and it was big. The greatest thing to me was 
coming to the main land and learning all the new plants.  So, I just kind of 
have a sense for this. 
 
Mom 2: My Mom is a gardener.  She grew up on a farm.  And I think the 
biggest thing for me, coming from a tropical area where there are no 
seasons is the seasons. I love the seasons.  So, that’s how I got started.  It’s 
like it’s time for this (particular vegetables to be planted in particular 
seasons.)     
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Do you think your children learn in these settings? 
Mom 2H 
 
Experiential 
Learning 
 
 
 
 
Sense of Wonder 
 
I think that most kids definitely learn better hands-on, they reading about 
something in a book, whether it is flowers or you know, explaining about 
the rainbow.  When they can see it. “Jameson, don’t pick the flowers.” I’m 
sure that’s not what he’s supposed to be doing. 
I know, especially at his age, you know. That’s the thing, you know that’s 
how they learn. I think especially boys, I have only boys and it seems like 
they want to umnm.  Like, I take him to the park everyday.  He doesn’t want 
to play on the equipment hardly at all.  He just wants to dig, pick up rocks, 
and look for bugs and ask, “What’s that?”  like bark and leaves and stuff.  
He wants to know what they are and know what they are.   
Like boys and girls, especially the boys. Compared to all my friend’s girls. 
You know he just wants to be out.  It could be just his personality, but he 
just wants to touch things and see how it works and knock things over and 
see what happens. 
 
Mom 5H  
 
 
 
 
Sensory 
Experiences  
 
Experiential 
Learning 
I think that it is a different kind of learning. I think that in school they learn 
more structured things and you need both. So, I think …like touching things 
and smelling things are important as well 
I don’t think it’s the kind of learning to be able to test, like if they learn their 
math facts you can test that. It’s not as tangible, but I think it helps them in a 
bigger way.   
 
Mom 8H 
 
Experiential  
Learning  
If you are talking about plants, of course, field trip is better than learning in 
the classroom from the pictures.    
For example, I am also co-leader for her girl scout troop.  One time we took 
them to the arboretum. And there’s like a self-guided tour for little kids. So, 
it’s all about plants. And in order to learn about plants, we took the wall and 
I pre-recorded the information about. They have about 10 spots and every 
spot they have information about plants. And we make a fairy box and tell 
them that we are going to walk w/ a forest fairy. We show them pictures and 
ask them to listen to the tape. And then look for the plant and they really pay 
attention and they LEARN! Now, every time she sees an oak leaf, she says, 
“an oak.” (Mom laughs) She just remembers it. 
Me: Do you think that she learned it b/c she actually went and saw it? 
Yes, actually see it on the side and they have information. And of course, 
you have to find a way for them to pay attention b/c they don’t read. So, 
there’s a fairy talking to them and they use a magic key to turn on the magic 
box and they all remember. They see the plants, they see the picture. 
   
Mom 6H 
 (2 yr old) 
Experiential 
Learning 
 
Oh yeah (Does he learn in settings like this garden?) like I say, he is a very 
active little boy. It’s really difficult to sit and read books, but this is 
definitely more kind of what he enjoys. 
 
Mom 7H 
 
Unstructured Play I think educationally, honestly, it sounds horrible, but I find this 
environment to be less educational from a directive point of view. And more 
just my child being in a natural environment. 
 
Mom 2NY & 
Dad 1NY?
Getting Close to 
Exhibits. 
?
You know, I am also thrilled by that we could get right up to the exhibits, 
there’s not a big crowds.  When it hot and we have special needs, so there’s 
some accessibilities issues for us.  And hands-on is key for his learning. 
And the soft mulch, b/c we learn through experience and when we can get 
him out of his wheel chair, he can crawl around.  That’s key to us too.  
 ?
?
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Mom 2NY & 
Dad 1NY 
Getting Close to 
Exhibits. 
 
 
 
 
 
 
 
 
Learning is 
Sequential 
 
 
 
 
Gardening with 
Kids 
 
 
 
 
 
 
 
 
Tactile 
Experiences 
 
 
Tactile / Hands on 
Experiences: 
Touching plants 
 
I don’t know if that relates to your research, but it’s got to be hands-on for 
all children. 
Learning for him is very sequential, while my other son is all over the map 
(laughs). B/c I think he has to develop his own learning strategies, his own 
learning style.  It’s a matter of survival for him.  So, that’s key for him.   
 
Me: Now, how old are the boys? 
 
Mom: He’s 7 (boy in wheel chair) and he’s 5.  He was born incredibly 
premature so they do seem more like twins instead of a two years difference 
b/c of his prematurely.  But I do garden at home.  So, we need to get them 
more involved.  We tried for the first time with mixed results (laughs).   
 
Me: But it’s the experience and the failure, if you have a failure, that’s 
experience too.   
 
Mom: Well the failure’s mine not theirs. 
Me:  So, that’s how you learn.  I had a teacher that always said, “You 
learn more from your mistakes.”  
Mom: Absolutely. I garden w/ kids at school and we had a class a class w/ 
severe cerebral palsy. We did pots that they could roll up to and work by 
their selves. 
Mom: Exactly and I also love the carpeted blocks. They can climb up on 
them, open the drawers, stuff to throw out the box and not worry about ___ 
tile floors.  B/c he, too, has CP. Learning again, is all experiential.  We are 
both teachers too. I teach high school English, but actually at my school I’m 
trying to do a Shakespeare Garden. And he love doing the puppet (Children 
use a bee or butterfly puppet to “pollinate” the big “play” flowers.) What 
did you make? You have a plant in that bag? No, you do not. Are you 
kidding me? (Kids plant a seed in a bag to take home.) 
Dad: Explains how son likes hands-on activities and touching plants, etc. 
Me: Yes, they’re real tactile. If there are plants kids are going to pick, kids 
are going to touch, but they (garden personnel) don’t have a problem with it. 
 
Mom 2NY & 
Dad 1NY 
Experiential 
learning 
Mom: Well, we do quite a bit of talking around the yard, lightning bugs, or 
whatever it is bugs and plants. What we know. 
Dad: There’s so much to say about experiential learning. The language 
programs, the Rosetta Stone programs are incredibly effective because they 
found out that rather than giving a list of vocabulary. They basically have 
these cognitive skills, to acquire the language much in the way we do with 
acquiring initial language. And because of that we use a different place in 
the brain. ____________(Couldn’t hear, plane flying over) They actually 
retain that information _(Plane flying by obstructs hearing 
Dad.)________because it’s tied to a place in their memory. And through 
experience it becomes part of the long term memory. 
 
Dad 3NY Experiential  
Learning 
Me: So, what kinds of things do you think kids learn in settings like zoos, 
garden, and museums that they don’t learn in the classroom? 
Dad: Well, they are actually there. There actually one-on-one viewing, 
they’re grasping what they are seeing, instead of a classroom where they 
theory-coat the part. Out there nature takes it to the fullest. 
  
? ? ?
?
?
?
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Is there anything that I did not ask that you would like to share? 
Participant Inductive Code  Parent Response 
Mom 1H 
(children 8 & 
11 yrs.) 
Safety  
 
I’m not sure, there’s a crossing and I remember that there’s another gate 
over there. They’re bigger now, but I still want to hear them all the time.  
There is no need for another entrance or exit b/c this is kids, you know 
and I don’t need to tell you that every mother is really scared.  So, I feel 
like if there is only one entrance and exit, it’s easier.  You know that they 
can’t go out and nobody can take them. 
You have to run after them and I come here to enjoy and if you have to go 
running after them all the time.  If, they come to this beautiful heaven, 
they need to be really secure.  I think you can open the gate over there and 
go out.  I’m not sure.  I don’t remember. 
It’s very important in America.  Somebody can come and snatch your 
kids.  It’s really scary.  Now, they are big, but when they were 2 or 3, I 
couldn’t sit for a second, just running. 
 
Mom 5M 
(children 3 & 4 
yrs.) 
Safety Mom: Yeah, it was a lot more sparse (4 yrs. ago). I really like it (the 
children’s garden).My only issue w/ this area is,,it’s like a huge 
playground that you can’t see through because of how dense and wooded 
it is.  So, to me there’s like a little safety fear that makes it not as easy as a 
playground and I just have to just like watch.  
Me: Do you think that’s b/c he’s young?   
Mom:  Yes, but I have to watch 3 kids. I have a daughter, but you haven’t 
seen her b/c she has been by here is 5 minutes.  Pretty soon, I’m going 
have to go look for her.  That’s the only difficulty of this place.  He like, 
literally will go down the slide and climb up the stairs for 45 minutes.  
Me:  How old is your daughter? 
Mom: She’s 4. 
Me: And what does she like? 
Mom: Good question, I better go check.  She doesn’t like the water dots.  
(Goes & gets her.) 
 
Mom5M 
(3 & 4 yrs) 
 
& Mom 2M 
(children 4 & 7 
yrs.) 
 
Safety / Visibility 
of Children 
 
 
 
 
Safety / Visibility 
of Children 
Mom 2: The thing about this area, it’s very difficult for parents _ 
Mom1: There’s not even like a turnstile gate or anything. They could be 
like, over by the goldfish & I wouldn’t even know it. But I’m kind of like, 
I just need to start loosing up, they’re getting older.   
 
Mom1: I have noticed at all the parks that I go to, that the way they put 
things up, you can’t sit on a bench (and watch your kids play), (there’s 
something in the way) like a big climbing rock.   
Mom 2: They don’t allow us to sit. 
 
Grandmother 
1M 
(four children 
between 5 -11 
yrs.) 
Safety Grandmother: I can trust them in this area and they have been told that 
they cannot go out of the gate. 
Me: So your grandchildren are between 5 & 8 and it’s the security that 
you like about the garden, there’s only one way out and one way in and 
there is a guard? 
Grandmother: Right, that’s excellent. So when I come here by myself 
w/them and Jamie is here w/ her four.  In a sense we can choose whose 
going to mind them and she’s going to run. So I can just know, and you 
know, keep an eye on them, but not be, constantly, have to run after them, 
which is wonderful. 
 
?
?
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Mom 2H Nature Deficient 
Disorder (NDD) 
I think the kids need to get out, but they don’t get out much, anymore. It 
seems like. 
 
Mom 2NY & 
Dad 1NY 
(Children 5 & 
7 yrs.) 
Experiential  
Learning 
Mom: You know that’s a good point about technology. I think it’s easier 
for teachers to get a program that will replicate this in a game and be the 
bee and pollinate ten flowers and go to the next level. It’s wonderful and 
technology has its place especially w/ him (points to son with disability), 
but it’s great to be out. I don’t know if you can replace that experience. 
 
Mom 2NY & 
Dad 1NY 
 
Experiential  
Learning 
 
Teacher like 
“tidy” lessons. 
Me: The learning that happens here, experiential, so compared to 
classrooms.  That’s what I’m interested in too. 
Dad: Yeah, I know. 
Me: We kind of talked about that and how you can store it in a different 
part of the brain. I coordinate the science program and I teach the lab. I 
have problems w/ the teachers, it’s like you say; they go for the easy 
thing. They go through the book w/ the vocabulary. It’s not an easy thing. 
Dad: I have the same problem. I conducted a workshop with 7 or 8 
stations set up and rotating everyday. My first weeks with the children 
would be conditioning to respond to when I needed them to come back 
into order. And as soon as that is established then they would be able to 
freely move about their stations, knowing the amount of time that they are 
supposed to spend at each station and explaining what they had to 
accomplish at each station during consolation and they were free to 
explore.  But among my peers it was, ugh, it was so much trouble. 
Because my kids were moving around and talking they would pass by and 
say, “Oh, it’s a mad house in there.” And they’re learning (laughs).  
Me: I know. They can’t let go of that control thing. 
Dad:  No, I had one that was still teaching off of purple mimeographs 
(laughs). She had the desks in straight lines and she would pass out 
worksheets and that was her class.   
Me: Oh, my gosh. 
Dad: There was a recent study a year or two ago. He was trying to 
address, he was trying to find out just the issue of obesity. So, he removed 
the desks and had podiums for the children. For the most part the children 
were allowed to move around. What he thought he was going to find out 
that the children would burn more calories, but they would learn less. But 
instead, what he found out was that they learned far more information. 
They retained more information b/c they were up moving about and being 
kinetic actually aided in their retention of knowledge. He was pretty 
surprised. 
 
Mom 2NY 
 
ADD I’m a high school English teacher and when we do Shakespeare talked a 
lot about plants and flowers in his plays. So, as an experiment we try to 
have a lot of plants that are mentioned in his plays. So as an experiment, 
we try to have a lot of plants that are mentioned in his plays. I teach 
English 9 and I teach college English.  My freshmen, especially my 
freshmen boys, love, love. They beg me to go out in the garden. I think it 
is a great way to, especially my ADD kids love to get out and they’re 
learning about English. They’re doing the subject matter. And I also have 
some city kids and they want to be up in the country where we are and at 
the end of the semester they want to come up, back and work. At first 
they’re, “Ooh, who wants to get their hands dirty?” It’s a major, it really 
challenges the energy that these kids have. So, it’s been a pretty cool 
experience. 
 
?
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Mom1NY ???? I don’t mean that the garden is just for my ADD kids. The gifted and 
talented also, when I am reviewing something that they mastered they go 
out to the garden.   
And I got a real sweet thank you letter form this girl Ally who had a 100 
% average all year. And it said thank you, working in the garden this year 
made my year. So, she on her own collected donations from businesses. 
She got me garden gloves, plant tags; it was all so sweet.   
?
Mom 5H 
 
Unstructured Play 
 
This is great. They can just run around.   
Mom 2H 
 
Sense of Wonder 
 
Foundation of 
Science Learning  
 
There’s stuff that if he wasn’t asking me, if he wasn’t curious, asking me, 
“What’s that? What’s that?” I would never think to say, “Oh, that’s bark, 
even if I were at home. We read books and stuff at home, but if I didn’t 
take him out, he would never know what a lot of things are b/c I wouldn’t 
think to tell him. He’s just curious about it.  Like a shadow, if you’re not 
outside, I would never think to tell him about his shadow unless he sees it 
and says, “What’s that?” 
 
Mom 6H 
 
 
Sense of Wonder 
 
Foundation of 
Science Learning  
 
Oh, well. He is a little engineer. He likes to see how things work.   
Like right there he is, like, hmmm, How is this coming out? 
The mister over there is actually more interesting than the mister over here 
because he was actually bending over and trying to see how it is coming 
out, what is it doing? (Son. 2 yrs.) What are you doing? And he likes 
drains. I don’t know why, but he is obsessed with drains. Any time he sees 
one, he will be like, oh, water drains. Yes. He just runs from one to 
another. 
 
Mom 1H 
 
Place for Parents 
 
We used to sit here and it was so hard, there was no shade what so ever. 
Now, it’s already shady. That’s cool. 
I come here to enjoy 
It’s nice in the shade. You can come in the winter too. It’s always nice 
here.   
Mom 7H 
 
Place for Parents 
 
I just wanted to bring her here and I’m trying to do more adult things with 
her rather than children’s museums kind of places. So, this is a nice 
combination. And this I really feel, is not a children’s environment, it’s 
just scaled to children’s level. So, it’s scaffolded. So, it’s appropriate to 
them and they can appreciate a lot of scientific educational things, but it’s 
not in my opinion, I mean, an adult can appreciate this space as much as a 
child. And I think a child can enjoy all the other spaces outside of the 
children’s garden. 
 
Mom 5M 
 
Too Young to 
Read Signs 
 
Botanical Garden 
Experiences  
 
Plant Mentor 
Mom2: My kids are too young for these signs, you see these signs.   
Mom 2: What I have been doing w/ the kids is picking off leaves and 
going home and identifying w/ the kids. So, that they can recognize what 
kind of tree or even a flower. My kids can learn from my garden what 
things are. Before they can read or look at signs like this. I wonder how 
many kids (one in garden) even stop & look. I want my kids to be able to 
identify and know what things are.  
  
Mom 7H 
 
Botanical Garden 
Experiences  
 
And I think a child can enjoy all the other spaces outside of the children’s 
garden. We spent quite a while in the Japanese Garden and we went to the 
rose garden and today we are going to the Chinese Garden. We also have 
been in side the buildings; both the botanical and then there is the science 
experiments.  
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Mom7H Botanical Garden 
Experiences  
?
Although they are geared for a slightly older, primary elementary 
education level or higher, but we did some work with some of those. 
I do, and trust me I do appreciate it (Children’s Garden). I do think that I 
have to say that the main gardens.  I think the people come here w/ their 
kids, that’s great, but they need that other stuff.  And in the Japanese 
garden, she was fascinated by it, fascinated by the buildings, the bridges, 
the fish, by .. the change in plants, the difference.  Those areas, having 
talking friends, like even, some museums have posts.  I know this is an 
outside environment, even a post w/ a laminated piece that you just pull 
out and look at and leave. (Tells daughter to put her shoes back on b/c the 
rules say to and tells her that she has about 5 more minutes- girl is playing 
in the water fountains.) 
?
Grandmother 
1M 
Botanical Garden  
Experiences 
 
Special Events 
 
 
 
 
 
Draws Children 
Me: So do you go to other parts of the garden? 
Grandmother: Yes, we’re members. We go to the Whitaker Jazz Festival 
and we did the summer. And usually when the roses are blooming I come 
or my husband and I come.   
Me: Do you bring the grandchildren when you do that? 
Grandmother: Not as much. This is what they enjoy rather than looking at 
the flowers (laughs). 
Me: So, would you bring them to the garden if this was not here, if the 
children’s garden was not here? 
Grandmother: We did before it was built. Like they enjoyed the maze, we 
were talking about that driving over here and they enjoy the little 
fountains that are spread throughout the garden. But this (the children’s 
garden) is actually a very strong pull. 
 
Grandmother 
2M 
Botanical Garden 
Experiences 
 
Aesthetics 
 
Fun 
 
Grandmother 2: In other parts of the garden, they are interested in what is 
most beautiful, in here it’s just all about fun.   
Grandmother 
2M 
Botanical Garden 
Experiences  
 
Grandmother 2: Even other parts of the garden are very kid-friendly.  
They love the statues. They can touch them and talk about who they look 
like.  What, it’s just wonderful. And even I brought my older 
grandchildren to the garden. It was wonderful, they didn’t want to go 
because they thought it was going to be boring, but they were just 
enthralled at the story of Henry Shaw and how this all came about.   
Me: And they make that real kid-friendly? 
Grandmother 2: They do.   
Grandmother: And we come to the Whitaker Jazz Festival, the free 
concerts, you know, on Weds. nights. We come to those every summer, 
which is really a fun thing to do. 
Me: Now kids are welcome to come to that? 
Grandmother: Oh yeah! (they laugh.) Kids are everywhere.   
Grandmother 2: You can barely find a place to sit yourself down.        
Grandmother: Yeah, last Weds we came and later we asked one of the 
obvious employees of the botanical gardens how many she estimated were 
there that night. And she said, “Oh, about 45,000 came that came and 
were sitting on lawn chairs in the grass. 
 
?
?
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Mom 4M 
 
Botanical Garden 
Experiences 
 
We come about once a year to the special art exhibits (names some). 
 
Dad 3NY Botanical Garden 
Experiences 
Me: So, you went all around the garden (bigger BG)? 
Dad: It (trip to the garden) wasn’t actually planned.  It was more like walk 
the park kind of thing.  But we’ve got a glimpse of it (LBG), so we’ll have 
a plan when we come again.   
Dad: So, we haven’t covered everything, but most things we did. 
Me: It’s pretty big. 
Dad: Yeah, I can tell.  It’s very big. 
 
Mom 8H 
 
Interpretive  
Media  
We don’t even pay attention to the plants in this garden. So, that would be 
nice to have an informative station. (Mom laughs) 
 
Mom H Interpretive  
Media 
See we come here often and we NEVER, like look at, this is? What’s the 
name of the plant? She just comes here and play w/ the equipment. We 
don’t even pay attention to the plants in this garden. So, that would be 
nice to have an informative station. 
 
Mom 8H 
 
Interpretive  
Media 
And there’s like a self-guided tour for little kids. So, it’s all about plants.  
And in order to learn about plants, we took the wall and I pre-recorded the 
information about. They have about 10 spots and every spot they have 
information about plants.  And we make a fairy box and tell them that we 
are going to walk w/ a forest fairy.  We show them pictures and ask them 
to listen to the tape.  And then look for the plant and they really pay 
attention and they LEARN!  Now, every time she sees an oak leaf, she 
says, “an oak.”  (Mom laughs) She just remembers it. 
(Me: Do you think that she learned it b/c she actually went and saw it?) 
Yes, actually see it on the side and they have information. And of course, 
you have to find a way for them to pay attention b/c they don’t read. So, 
there’s a fairy talking to them and they use a magic key to turn on the 
magic box and they all remember. They see the plants, they remember. 
 
Mom 2NY & 
Dad 1NY 
 
Interpretive  
Media 
Me: So what about signs? Do ya’ll like the signs? B/c there are different 
philosophies about signs. 
Dad: No, I think the signs, they are not at all restrictive.   
 
Dad 3NY Interpretive  
Media 
Me: There are these signs that go around and tell you about ... That’s 
another point, what do you think about the signs? 
Dad: Yeah, yeah, I think, they’re yeah.   
Me: Do you like the ones like this that give a lot of information or do you 
like the ones that say things like “sniff” or “look”?   
Dad: Umm, I think the signs look great, you know the signs. 
 
Mom 5M 
&Mom 2M 
 
Exposure 
 
 
 
 
 
 
Draws Children 
Mom 2: I don’t know, but if you go to the garden part.  I don’t know if 
this teaches about plants, they’re exposed to it, b/c they see it.  Maybe, 
appreciation, but in terms of knowledge, maybe the older ones if they 
wanted to read the signs.  I think that they look at it as play.   
Me: But, would they want to come here if the children’s garden wasn’t 
here? 
Mom1: They would probably enjoy coming here, but yeah, it wouldn’t be 
something that they would ask to do.   
 
?
204
(Table 4.18 continued)?
Mom 1NY Exposure (I brought them to thSome things better than others. The MOMA is a bit 
of a challenge, the modern art. They weren’t (laughs) quite ready for that 
yet, but I had my older daughter w/ me that week and she loved it and my 
6 yr. old loved it.   
You know it’s the same thing w/ food. You got to keep exposing them and 
maybe one day they’ll decide that they like it. 
 
Mom 2M 
 
 
 
 
 
 
Mom 5M 
 
Exposure 
 
 
 
Botanical Garden 
Experiences 
 
 
 
 
Botanical Garden 
Experiences 
I think that they like being around plants.    
Me: Do you think that that is a positive thing, like one day they will 
remember. 
Mom 1: I was thinking about that when I was walking in b/c I remember 
when it was being built. And I was excited about it, but I mean. It’s like 
when they walk past a plants do they really stop and look at it. Some kids 
look at it, but my kids, I think they’re actually better at it outside of the 
kids’ garden. Cause once.. (Mom 2 interrupts) 
Mom 2: I like, I actually like it when the children’s garden is closed b/c 
we will actually do that, walk around and look at the trees that are in 
bloom or.. 
Mom 2: What I have been doing w/ the kids is picking off leaves and 
going home and identifying w/ the kids. So, that they can recognize what 
kind of tree or even a flower. My kids can learn from my garden what 
things are. Before they can read or look at signs like this. I wonder how 
many kids (one in garden) even stop & look. I want my kids to be able to 
identify and know what things are.   
What would you add to this garden to make it better??
Mom 5H 
 
Colorful flowers 
 
I’d probably add more flowers, more color. More variety and color, b/c 
there’s this (points down at the marigolds), but if you look around there’s 
not a lot. It’s pretty green, I would add a lot more color. 
 
Mom 1H 
 
Something New That’s what they complain about the garden. They want something new. 
For tourists, it’s wonderful. For all the people that come again and again, 
the members.  For the kids, it’s like a menu in a restaurant, you go again 
and again. And sometimes they do the special of the day b/c the regulars 
are bored of the menu. So, I guess that’s what they meant, it’s not really 
boring for anybody.  We come and come again. These kids, by the way 
there are a lot of these kids. Cause, I’m sure for all the neighborhoods 
they come here. For these kids have come a lot and it may be, a few more 
stuff, other than that it’s beautiful. 
 
Mom 1H Creative I was very impressed. This idea is good enough, this is very creative.   
 
Mom 6H 
 
(2 yr old) 
Flowers 
 
Interpretive Media 
More things like flowers and things like that where you could…Well they 
have stuff, but just more like teaching them more about the different 
plants, maybe little pictures of the roots in the ground, or like a little see-
through kind of like thing. 
Yeah, maybe something little here and there so you can kind of point it 
out or … 
One thing I would love is to have one of the lists of what the different 
flowers are, because a lot of times, I don’t know what they (flowers) are 
called. And if you are trying to teach them, it’s like, “Yes, yellow flower 
(laughs). I don’t necessarily know what they are called because there are 
so many different varieties…that would be nice. 
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Mom 3H Interpretive 
Media 
 
 
 
 
 
 
 
 
 
 
Vortex & WB 
Water 
 
Rainbow Room 
Water 
 
 
 
 
Child’s Scale 
He (22 months) stays in the stroller until we have a little snack under the 
trees. Then I let him play around, then we come here so that he can play 
and then we go home. The seven year old we home school him. So, there is 
a book called Huntington for Kids and we follow the activities. So, we do 
two of the activities before we come here (the children’s garden). So, today 
we went to the mansion to the art gallery and you have look at the 
architecture and paintings and there are certain things you have to find and 
we had our break. Then we came here. 
He likes this (Shows me the Huntington for Kids Book) 
(What does he like here?) Oh, the water, he loves the rain, and the volcano. 
He really likes the sound where you throw stones in there and it makes 
sound. There is a magnet powder to play with over there. He loved that, but 
he also likes to play in the water, whatever (water). I have to pull them 
away from the little stream over there. 
(So you would say, if they had a choice, what would they spend the most 
time at?) 
Here? (children’s garden) Oh, between all these (garden features), over 
there (Mom point to the vortex & water bells).  
(Why do you think that is?)  Because there’s more water.  (Because it’s 
summer time and they want to keep cool?)  It’s water (she laughs).   
(Now I’ve been watching since Monday, but this is what the little ones 
seem to enjoy (Marble jets). Why do you think they like this?)  Because, 
(it’s) their size.  
The fountains (Vortex & Water Bells) and right here (Marble Jets) are 
popular. 
 
Mom 7H 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interpretive 
Media 
There isn’t enough educational stuff, I think, for families with young 
children that are just visiting.  I wish there was more. 
(Are you talking about in the garden?)  
Anywhere in the museum, anywhere at the Huntington, because I can only 
do so much.  Even as a person who is oriented towards this, I can’t.  An 
outside person could offer a lot more to her.  Like, if there were walking 
tours for young children and families, I would sign up for those. I would 
pay for those, just to come and have an educator point out certain things.  I 
would love that.   
(What about signs?  You know like if they had lessons here?  Signs that 
explained things?) 
That would be nice for me, personally.  It would be bullet points of like, 
important themes that a curator… Because I think of this as something that 
would be curated.  Could say, they could talk about, let me think about it.  I 
don’t know, because I’m an older science person, like wave patterns.  I 
don’t know what the themes would be. 
Like this rosemary, she knows what rosemary is. 
(I think this is supposed to be a scent garden because everything in there 
has a scent.) 
But it’s not, it’s not.  If you told me it was a scent garden.  Then I would 
come and say and I’d say, “Honey, look. Let’s smell the rosemary.  How is 
that different from the lavender or the lime?” You know.   
(So, you need, like a sign, that says, “Scent Garden, smell them.”) 
You know, that would be helpful.  I’ve got to keep my eye on her.   
To have something like…When you enter the children’s garden that talked 
about zones within the children’s garden, you know, talking points. 
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Mom 7H 
?
Interpretive 
Media 
They have a great bookstore, but even if they had a list of suggested 
readings. (Have you seen the Huntington for Kids book?) 
No, I’m going to look at it, though. 
I do think it would be helpful, I don’t know, they must be a master gardener 
for the children’s garden, somebody who is responsible for this space. It 
would be very nice if it was coded in a way that was educational.  
(Me: Some suggestions would be? Putting signs up and what else?) 
Mom: Also handouts, seasonal handouts would be really great.  Things that 
are growing in the summer, these are things that are growing here in the 
winter. 
(Me:  And that would be for this garden as well as the whole garden?) 
Mom: No, for example, have you been to the Getty Museum? 
(Me: No) 
Mom:  The Getty Museum is a museum for adults.  They have these things 
called art detective cards and they are geared for young children, even 
younger than her.  And what it is, is real art and it is an image from a real 
painting and the it might be an image of a woman playing an instrument 
and what it does is, it gives them an entry into that piece of art and it gives 
the parent a purpose for enjoying the adult collection.  And what it does is 
it gives the parent a little confidence b/c it’s hard.  I have a background in 
art and it’s hard to know how to introduce a 4 yr old to art.  It’s hard to 
know the right language, even if you know what they are interested in.  If 
you’re in a room with a large area, even in an area like this with hundreds 
of plants, it’s hard to know what ‘s going to catch their eye and why.  We 
watch them for clues.  But at the same time, I liked to say things more than 
look at the grapes and how they are changing.  You know what I mean, I 
need a little bit more depth (laughs). 
?
Mom 7H 
 
Edible Garden 
 
 
 
 
 
 
Interpretive 
Media 
I wish there were more edibles here. I like the grapes and it looks like there 
are limes over there. Just to point out, it’s good, that it’s contextualized for 
her, because I can say, “Look that’s a lime.” 
Daughter:  “I love the grapes!” 
I know! (laughs)  The grapes are getting so big!  I see some over here.  I 
don’t think we should pick them, this isn’t our garden.   
Yes, the grapes have really changed.  So, that’s one thing you can really 
notice the difference.  Whereas, in a lot of the other areas you can you can’t 
quite see.  That’s why I think consumables are really great, because they 
allow a lot of teachable moments.  
 
Mom 7H 
 
 
Interpretive 
Media 
 
PM 
 
Positive 
Experience 
 
Open-Ended 
 
Interpretive 
Media 
Well, I like the combination. I would like to have some structure for me, so 
that I can support her investigation in a way that is meaningful and has 
long-term effects for her. But at the same time, I don’t care if she sits in the 
(fountain). That’s her, now she’s running in the tunnel. That’s her, just 
being free in a natural green environment and that’s my goal to have her 
away from a television, away from a computer. (We look for her.) 
Well, if that’s their goal, well they’re meeting it A positive experience in 
the garden). But as a parent… and that’s my goal as a parent. A positive 
outdoor experience that is open-ended and unstructured. However, as a 
parent I would like to have teachable moments. Like that, there’s a lizard, 
he’s camouflaged and use vocabulary.   
 
?
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Mom 3NY, 
Grandmother 
1NY  
Grandfather 
1NY 
Facilitated PGFs  
 
The ones (features) w/ the people. It keeps them engaged. When they talk 
to they listen. 
 
Mom 3NY, 
Grandmother 
1NY, 
Grandfather 
1NY 
Interpretive 
Media  
Limited words 
 
Facilitated 
Participatory 
Garden Features 
 
Young 
Explainers 
 
 
 
 
Edible things 
 
Animals 
 
Artistic Play 
 
 
 
 
Special Events  
Me: What about the signs? Do you like the signs?  
Mom: A little bit, well she does.  
Me: And as a parent does that help you. 
Mom: Well, yeah. The one’s w/o so many words (laughs).  Yeah, it’s like 
kind of running by.Yeah, the signs are nice.   
Mom: I think it does help b/c I go to the garden and ____. I mean just for 
the kids they like the younger people, the younger docents. It’s like 
somehow they (laughs), they’re able to listen to them more readily. So, this 
is effective in terms of having, 
 
Grandmother: (joins in) in terms of having young volunteers.   
Mom: Young, teenage volunteers. 
Mom: They like the edible things too (fruit roll-ups give by the Explainers 
at the end of a lesson). When they do edible things (laughs). Well good 
luck to you. 
Mom: What about the animals, they want to go to the animals (laughs w/ 
Dad)! It’s hard to mix it, if it’s too much. 
Grand Mom: They like to do, like they make these little vests. They made 
the butterfly. 
Mom: And they take the flower apart.  That’s always a lot of fun.   
Grandmother: In the winter when they have the trains, a train exhibit. And 
the trains are running all through NY. And the trains are beautiful and they 
love that. That’s in the garden. 
 
Dad 3NY  Me: What else would you like to see? If they added something to this 
garden, what would be a good thing to add? 
 
Dad: Umm, I would say…maybe a bigger pond w/ a bridge to cross. 
Something that would open you up. I actually went to this big garden, it 
wasn’t in this country. And it had this big pond and it opened up and there 
was this white crossing bridge and you could see the landscape. And it was 
just….breath-taking. And so, w/ all this land here in this beautiful garden, I 
think it’s just missing something. 
 
Me: I see your point b/c I’m from La. And we have this big lake near LSU. 
I have canoed that lake and it’s a totally different view looking at the 
landscape from a canoe. 
 
Dad: That’s correct. They don’t have to do the whole works, but at least 
give it a glimpse of the beauty. I think that would make a difference. 
 
Grandmother 
1M 
Water fountain Girl: Boy that water fountain is making me thirsty (in picture). 
 
GM: There should be a water fountain in here. 
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What feature or element would you add to the children’s garden? 
Do children learn about plants in the children’s garden??
Mom 8H 
 
Doesn’t Notice 
Plants 
Interpretive 
Media 
See we come here often and we NEVER, like look at, this is? What’s the 
name of the plant? She just comes here and play w/ the equipment. We 
don’t even pay attention to the plants in this garden. So, that would be nice 
to have an informative station. 
 
Mom 6H 
 (2 yrs.) 
Stealth 
Learning 
He doesn’t really notice the plants, like I pointed out the grapes to him and 
he was, like. Oh, I want to eat them. Like, no, no, you can’t eat it. As we 
are looking at the plants. So, I don’t know, maybe he does. It’s funny, you 
just asked me, “Does he notice the plants?” And he takes off roaming the 
garden. 
 
Mom 7H 
(4 yrs.) 
 
Exposure 
 
 
 
 
 
 
 
 
Well, like I said, we talked about the grapes and she actually said, 
“Mommy, the grapes are bigger.” I think she does. And I think a lot of it is, 
this is one environment of many that is discussed because like I said, we 
have a vegetable garden at home and we do a lot of nature hikes. So, I think 
it’s good for her to be in other environments. They don’t have a lot of 
nature hikes. So, I think it’s good for her to be in other environment. They 
don’t have, I wish. They do have education al programs for children this 
age, but when she is in school. And she is too young for their summer 
camp, but she will be old enough next year. So, I think I will sign her up for 
a week of summer camp here, because I really, umm, I’d like for there to be 
more of a, umm, like I can’t really do a tour with her. I think she is too 
young. There isn’t enough educational stuff, I think, for families with 
young children that are just visiting. I wish there was more. 
 
Mom 2M 
 & Mom 5M 
Connection 
Between Food 
and Its Source 
Mom 2: The water. The other thing I was going to say about growing things 
is that if they had a connection between food and where it comes from. It’s 
not like it’s just something in the grocery store. 
Mom1: I think kids today are missing of dimensions between growing & 
taking care of the Earth. And how it ends up in the grocery.  We went 
picking blueberries in Michigan and now they have gone through the 
process of making jam w/ me and they’re like, “Oh, you don’t just get it off 
the shelf & pay for it?”   
Mom 2: I think that they could do something like, now what are we going 
to do w/ all this. We’re doing making things out of our tomatoes. It would 
be very complicated, but I’m sure if NY is doing that, then they must have 
some brilliant ideas.   
 
 The parent interview data (Table 4.18) revealed the following inductive themes: 
 (a) Reasons I bring my children to this garden: Nature is always changing, Cultural and 
 educational experience, Fun place, Unstructured outdoor play, Aesthetics, Prior field trip, 
 They asked to come, Appeals to all age 
 (b) Your and your children’s plant experiences: Most parents had a plant mentor when 
 they were growing up. Many parents were providing plants experiences for their children. 
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 (c) Do your children learn about plants in these settings? Experiential learning, Sense of 
 wonder, Foundations of science, Unstructured play 
 (d) Anything else you would like to add? Safety, ADD, Larger botanical garden 
 experiences, Interpretive media, Exposure, Children’s garden draws children 
 (e) What would make the garden better? Colorful flowers, Edible garden 
4.5.1 Research Objective 3 
  
 The last objective of this study was to compare the child and parent / guardian 
perspective to the content analysis of the children’s garden goals to determine how well the 
children garden stakeholders’ perspective aligned with the goals of the children’s garden. For 
instance, if a children’s garden goal was for children to explore natural elements, this study 
looked at whether natural elements were provided and actually explored by the children. This 
objective was accomplished through the following data collection and analytical methods: (a) a 
content analysis of mission or goals of the children’s gardens, (b) on-site interviews with visiting 
children and their parents or guardians, (c) field notes of observations of children’s behaviors 
during their garden experience, and (d) a cross analysis of garden goal content analysis and 
interview data from this study’s stakeholders.  
 The content analysis of the children garden goals was conducted in a similar manner as 
the content analysis of the interview transcripts. First, the goals were read carefully to identify 
meaning units from the text, in the context of children’s adventure gardens. Next, these meaning 
units were categorized deductively by the themes used for the interview transcripts. If a meaning 
unit could not be categorized by the deductive themes, then a category was developed with this 
theme.  
 The themes from the Children Garden Goals were then compared to the content analysis 
of both the children’s and parents’ or guardian’s interview transcripts for common themes. The 
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children and parent transcript text, observed behaviors listed in the participatory garden feature 
descriptions were analyzed for evidence that this garden had the potential to meet the goals that it 
set by the garden based on the acquired stakeholders’ perspectives.  
4.5.2 Content Analysis of Garden 1 Goals. Discovery Garden at the BBG 
 
 The Discovery Garden’s goal is “to provide a rich learning environment for young 
children, full of the kinds of hands-on, open-ended experiences with the natural world that are 
essential to cognitive development. These experiences provide a foundation for a child’s 
naturally developing affinity for and aptitude in science and lead to an appreciation of plants and 
nature, the foundation for a personal environmental ethic” (Garfinkel, 1995).   
Table 4.19 
Content Analysis of Goals. Discovery Garden at the BBG  
Category Theme Supporting data: 
 
Strand 1 Experiential 
Learning 
Mom & Child: 
(1) “It’s a touch, feel garden. See this one, touch it. It feels like a teddy bear.” 
      (Sensory Beds) They both touch the Lambs Ear plant. 
 
Future 
Implication 
Experiential  
Learning 
(2) Children explored water by dropping leaves and other natural loose parts  
      into the water. (Stream) 
 
Future 
Implications 
Environmental 
Stewardship 
(2) Mom & Child: 
      Mom, “Look at the beautiful butterfly. 
     Child: ”Look at the strange bug (Meadow) 
   
  
 The first goal of the Discovery Garden at the BBG was to provide opened-ended 
experiential learning opportunities for the children in the natural world. As illustrated in Table 
3.1, the Discovery Garden provided many opportunities for children to experience the natural 
world in their own way, such as the natural paths where children made discoveries of wildlife 
and the bins filled with natural loose parts.  
 Experiential learning involves an individual’s process of making meaning from his or her 
direct experiences. An example of experiential learning in the Discovery Garden at the BBG was 
the mother and child making observations in the sensory beds. First, the small child walked up to 
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a fuzzy plant in the sensory beds. The mother read signage with the prompt, “Touch” then read, 
“Lambs Ear.” Then the mother and child touched the leaves and experienced the “teddy bear” 
like texture of the Lamb’s Ear plant. The parent and child’s behaviors aligned well with the first 
part of the goals statement. This example of experiential learning also aligned with Strand one of 
the Strands of Informal Learning. Strand one, described by Bell et al. (2009), involves curiosity, 
excitement, and interest in learning. 
 The other parts of this goal statement describe future implications for the children who visit 
this garden. The examples provided for the stream and meadow participatory garden features 
described children experimenting with water and noticing the bees and butterflies. These 
implications will be discussed in chapter 5. According to the body of research presented in 
Chapter 2, through primary experiences like these, children build a foundation for scientific 
knowledge and skills and a bond with nature. Research (Louv, 2008; Shaprio, 2010; Tai et al., 
2006) indicates that children’s primary experiences with the natural world during the early 
childhood years are necessary for the development of both a sound science knowledge base and 
positive attitudes toward wildlife and the environment.  
4.5.3 Content Analysis of Garden 2 Goals. Helen and Peter Bing Children’s Garden at the 
HBG 
 
 “Inviting youngsters to enter and explore, the Helen and Peter Bing Children’s Garden 
opens up endless pathways to discovery ” This adventure garden’s goal was to provide young 
children with hands-on experiences that demonstrate scientific principles related to the ancient 
elements of (a) earth, (b) fire, (c) air, and (d) water. 
(http://www.huntington.org/huntingtonlibrary.aspx?id=486). The goals of this garden were 
broken down into meaning units much like the interview data. They were then categorized by 
strands of informal science learning  and an inductive strand that emerged from the interview 
data.  
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Table 4.20  
Content Analysis of Goals. Helen & Peter Bing Children’s Garden at the HBG  
Category Theme Supportive data 
 
Strand 2 Experiential 
Learning  
 
(a) Mom: “The magnetic area?  She loves science, so I thought she would say 
      that.” 
      Daughter, “ . . . you can make porcupines and a bridge.” (Earth – Magnetic 
      Sand) 
 
Strand 2 Experiential 
Learning  
 
(b) “Yeah, I think that I learned that the rainbows in there. . . .On the ceiling they 
      have a light and it shows the rainbow and it’s on the floor everywhere.  
      (Fire – Prism Tunnel) 
 
Strand 2 Experiential 
Learning  
 
(c) “Oh, well, he is a little engineer. He likes to see how things work. Like right 
      there he is, like, hmmm, How is this coming out? (Air - Fog Grotto)” 
 
Strand2 Experiential 
Learning  
 
(d) “I’ve learned about what type of environments they (plants) need or how much 
      water, or different simulations you can go in, like that’s a cloud. So, it shows 
      how clouds are made, rain, it’s interesting.” (Water - Rainbow Room) 
 
 
 Children were invited into the Helen and Peter Bing Children’s Garden by small 
footprints imprinted into the sidewalk. The sidewalk led to a door that appeared to be the 
entrance to a house made of plants (Figure 3.2). True to the garden’s goals, the children in the 
examples demonstrated discoveries that they made at the different participatory garden features 
related to magnetism, visible spectrum, water vapor, and plant adaptations to their environment. 
4.5.4 Content Analysis of Garden 3 Goals. The Doris I. Schnuck Children's Garden at the 
MoBot 
 
 “The Doris I. Schnuck Children's Garden goals are to: (a) Take a leadership role in 
connecting children with plants and nature; (b) By providing a safe, nurturing, and enriching 
environment for outdoor play the Children’s Garden contributes to healthy child development; 
(b) Through its thoughtful design and cutting-edge educational programming, the Children’s 
Garden introduces children at their most impressionable ages to the significance of plants and 
nature in fun, engaging, and innovative ways. (http://www.stlsprout.com/places/the-dirt-on-the-
doris-i-schnuck-children-s-garden). 
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Table 4.21.  
Content Analysis of Goals. Doris I. Schnuck Children’s Garden at the MoBot  
Category Theme Supportive Data 
 
Develop. 
Need 
& 
Future 
Implications 
Safety 
 
(a) I can trust them in this area and they have been told that they cannot go out of 
      the gate. . . . you know, keep an eye on them, but not be, constantly, have to 
      run after them, which is wonderful. (Grandmother with children, 5, 7, & 9 yrs.) 
 
      My only issue with this area is it’s like a huge playground that you can’t see 
      through because of how dense and wooded it is. So, to me there’s like a little 
      safety fear that makes it not as easy as a playground and I just have to just like 
      watch. (Mom with children, 2 & 4 yrs.) 
 
Develop. 
Need 
& 
Future 
Implications 
Active Play 
 
Creative Play 
(a) Climbing stuff, the roots under the tree platform 
      
      I like the store, because I pretend to buy stuff & that’s fun. 
Strand 1 Plants  
 
(b) Through its thoughtful design. 
      I think I like the weed jail and graveyard b/c it’s funny and it also tells you 
      something. It gives you info on you know, the types of plants that are 
      endangered and also the types of plants that are bad for the environment. 
 
Strand 1 Plants (b) Through its educational programming 
      Offers Green Adventures such as tree parts activity. Children dressed up as a 
      tree. 
 
 The Doris I Schnuck Children’s Garden’s goal was to connect children to plants and 
nature through a safe, nurturing environment for outdoor play. The perimeter fence and the 
single gate enhance the safety of the children’s garden. However, there were mixed responses 
about the safety of this garden. The discrepancy in the responses appeared to be related to the age 
of the children. The Grandmothers in example 13 felt like her grandchildren were safe. Their 
grandchildren range in age 5-11, whereas, the Mom with the children, ages 2 and 4 years, has a 
very different feeling about the safety of the garden.  
 The goals also promise that the garden will connect children with plants and nature 
through play. Active play is the predominate theme that reoccurs in both the children and parent 
interview data. The General Store, the Nature Explore Classroom, and the Locks and Dams were 
participatory garden features that provided opportunities for creative play. These examples and 
many others from both the children and parent interview data provide much evidence that play is 
provided in the children’s garden. Three forms of play (active, creative, and artistic) were The 
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implications of this leading to healthy development was discussed in Chapter 5. 
4.5.5 Content Analysis of Garden 4 Goals. Everett Children’s Adventure Garden at the 
NYBG 
 
 The goals of the Everett Children’s Adventure Garden in the NYBG are (a) “To create a 
setting where children explore basic scientific concepts and do plant science; (b) to deepen 
children’s knowledge and appreciation that plants are alive. Plants are living things that have life 
requirements, life processes, and their environments are always changing; (c) to create 
innovative ways for children to interact with living plants and their environments, using 
landscapes, interactive exhibits, signage, and Explainers; (d) to encourage children to observe 
and enjoy the natural world which surrounds them” (NYBG Explainer Manual) 
Table 4.22  
Content Analysis of Goals. Everett Children’s Adventure Garden at the NYBG  
Category Theme Supporting Data 
 
Strand 1 Experiential 
Learning  
 
(a) In the Herbarium children pressed and glued flowers on herbarium cards and 
      listed the plant name, family, and physical attributes of their flower.jkiu---------  
 
Strand 2 Experiential 
Learning  
 
(b) And we learn about pollen and all kinds of creatures: butterflies, bees drinking 
      nectar from flowers.  And then when they go to another flower to get more 
       nectar, then the pollen gets stuck on the flower and it makes fruit and 
      vegetables grow.??
 
Strand 2 Experiential 
Learning  
 
(c) “We did pollinator puppets, we did potting station, we did       
      pollination station, and what’s next?  Flower model making. “ 
      (Explainer activities) 
 
Strand 2 Experiential 
Learning  
 
(d) Can you see living things out here?   
      “Butterflies, Frogs, bees, insects, worms, plants, trees.” 
 
     “I liked spotting the turtle.” 
 
 The goals of the Everett Children’s Garden are reached as evidenced by the examples 
given above. Children “do plant science” in the herbarium and outside in the garden. The 
Explainers teach plant knowledge through direct instruction when they facilitate the participatory 
garden features. The trails and pond provide quiet naturalistic settings where children spot 
wildlife. 
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4.6 Summary 
 Chapter four presented the results from both the quantitative and qualitative research 
methods of this study. The interview data from both the parents and the children strongly 
supported the quantitative data and provided information on why children liked certain features 
and not others. Chapter 5 provides a summary of the findings from this chapter and implications 
form these findings. 
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CHAPTER 5. 
 
 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
 
5.1 Purpose of the Study 
 The purpose of this study was to determine whether the different participatory garden 
features in children’s gardens, such as water features and plants exhibits improved children’s 
awareness and knowledge of plants from the children’s garden stakeholders’ perspectives 
(children, ages 2 -12 years, and their parents or guardians). The stakeholders’ perspectives were 
acquired through on-site observations and interviews. The transcripts from these interviews were 
analyzed from a formal science educator’s perspective to determine which participatory garden 
features helped children develop an awareness and knowledge of plants.  
5.2 Limitations of the Study 
 
5.2.1 External Validity  
 
 The limitations of this study are due to the sample selection and small sample size. The 
small size of the sample (four children’s gardens and 64 participants) and the sampling method 
(purposive and convenience) weakened the generalizability or inference transferability of this 
study to other settings beyond children’s adventure gardens. However, measures were employed 
in this study to improve the generalizability of this study. 
 First, the use of convenience, purposive sampling methods resulted in research findings 
that were highly contextual and case dependent, thus, limiting the inference transferability of the 
study. However, the purpose of an exploratory study is to gather a wide range of data and 
impressions from an extremely information-rich sample to understand phenomena (Teddlie & 
Tashakkori, 2009). The focus of this study was on gaining insight into the children’s experiences 
in these gardens to determine if the children were becoming more aware and knowledgeable of 
plants from their experiences and then to determine which participatory garden features most 
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effectively facilitated this learning. The findings of this study were used to make 
recommendations for further, more rigorous investigations of children’s experiences in 
children’s gardens. 
 Purposive sampling involves deliberately selecting settings and participants for the 
important information they can provide to answer the research questions (Teddlie & Tashakkori, 
2009). Purposive sampling was used in this study because of its exploratory nature. The children 
who visited the four selected children’s gardens and their parents or guardians who accompanied 
them on their visits provided the best information on children’s learning in children’s gardens.  
 Convenience sampling involves drawing samples that are both easily accessible and 
willing to participant (Teddlie & Tashakkori, 2009). Convenience sampling was used because 
this study focused on capturing the authentic experience of the children in the natural setting 
without interfering with their play experience. Although this sampling method limited the 
external validity of this study, it provided the naturalistic settings and information-rich 
participants that could best answer the research questions without ruining the children’s play 
experience in the garden. 
 In order to increase the inference transferability of this study, in-depth descriptions of the 
children’s gardens, including pictures of each participatory garden feature (Tables 3.3 – 3.6), 
were included in Chapter 3. Maps of each children’s garden are also provided in the appendices 
(Appendices 15-18). Descriptions of the botanical gardens were also included because the 
children and parents discussed experiences in the larger botanical gardens. Detailed accounts of 
the data collection methods for each garden were also provided in Chapter 3 since the design of 
each children’s garden was different and presented different challenges for data collection. 
 Also, the geographical range of the children’s gardens from the western to eastern United 
States (western U.S., Huntington Libraries and Botanical Gardens; midwest, Missouri Botanical 
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Garden; eastern U.S., New York Botanical Garden and Brooklyn Botanic Garden) used as the 
settings of this study helped to increase the inference transferability of this study to include the 
genre of adventure children’s gardens across the United States. These gardens were chosen to 
highlight the diverse opportunities that children can experience in children’s adventure gardens 
across the country.  
 The variations in visitors and visitation rates of the four different children’s gardens on 
the data collection days of this study resulted in an unequal sample size for the gardens. The 
children’s gardens at the HBG and the MoBot had much higher visitation rates than the two New 
York children’s gardens. This was indicated by the visit frequency data: participatory garden 
features (PGFs) with the highest number of visits:  
• Mobot: The Rope Bridge 1 had 239 visits on a Wednesday that was a free admission day. 
• HBG: The Vortex and Water Bells had 155 visits on a Wednesday that was not a free 
admission day. 
• BBG: The Family Nature Trail had 57 visits on a Saturday that was a free admission day. 
• NYBG: The Frog Pond had 35 visits on a Wednesday that was a free grounds admission 
day, but the children paid $1 admission fee for the children’s garden.   
The Mobot children’s garden visitation rate was almost five times higher than the NYBG 
visitation rate on the data collection days of this study. The number of visitors, both children and 
parents, affected how much data could be collected at each garden. Although more interview 
data and quantitative data were collected on the MoBot children’s garden, the dense vegetation 
caused limited visibility and limited the collection of time movement data.  
 The age of the children visiting the children’s garden was also a factor in the amount of 
data that could be collected. Younger children, 2-4, were not interviewed because the interviews 
made them uncomfortable and they had limited understanding of the questions. Even children, 
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ages five years, had trouble understanding some of the questions, and the interview questions 
were stopped so that the children’s experience was not hindered in anyway. However, since these 
children were important stakeholders of these gardens, observational data in the form of field 
notes were recorded on these children instead. 
 The diversity in the designs of the four children’s gardens also presented challenges that 
resulted in unequal amounts of data and participants for each garden. Each garden presented a 
unique setting and challenge for data collection, especially the timed movement data. For 
example, the size and decreased visibility caused by the dense, mature vegetation of the 
children’s garden at the MoBot impeded the collection of time movement data.  
 Inclement weather during an interview data collection day at the BBG Discovery Garden 
prevented the collection of interview and time movement data in this garden. Also, data 
collection was reduced to three days instead of four days at the two children’s gardens in New 
York, the BBG Discovery Garden and the Everett Children’s Adventure Garden. The time 
allotted in New York for this study was divided between the two gardens and meetings with the 
garden educators and horticulturists. 
 The constituency of the population also limits this study’s inference transferability to 
other settings. The convenience, purposive sampling method pulled the sample of this study from 
children and their parents or guardians who accompanied them on their visits to the children’s 
gardens. The children who visited the children’s gardens were limited to the children who had 
the following: 
• They had a parent or guardian who would bring them to the children’s gardens. It was a 
rule in all the children’s gardens that the children had to be accompanied by an adult. 
• The accompanying adult would need to pay the admission fees or come on a free 
admission day. The highest fees for the garden admission were $20 (weekend) for an 
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adult and $8 for a child. The lowest fees for garden admission were $10 for an adult and 
children were free. All of the gardens provided a free admission day, if not once a week, 
once a month. Two of the gardens offered daily free admission for children, 12 and 
under, to the botanical garden, but one of these gardens had a $5 children’s garden fee. 
• The children had to have transportation to the gardens or live close enough to the gardens 
to walk. The two New York gardens were accessible by the subway. 
5.2.2 Internal Validity 
 
 Another limitation to this study includes the inability of this study to determine the source 
of the children’s plant knowledge and awareness of plants. The majority of the child participants 
demonstrated a positive attitude towards plants, recognized the importance of plants, and had 
age-appropriate or above knowledge of plants based on data collected from the interviews, plant 
principles test, and the plant attitude scale (Table 4.15). However, many children indicated that 
they were on their first visit to the children’s garden and had previous plant experiences in school 
and with a plant mentor.  
 Internal validity is the degree to which alternative conclusions or interpretations based on 
the same results may be ruled out (Teddlie & Tashakkori, 2009). Administering a pretest and a 
post-test would help rule out alternative explanations for the children’s plant knowledge. 
However, the playful nature of the children and their experiences in these children’s adventure 
gardens made the administration of pretests and posttests virtually impossible. The reasons for 
not administering a pretest were described in detail in Chapter 3. However, this study did include 
measures to identify alternate explanations of the children’s awareness and knowledge of plants. 
Questions in the interview instrument specifically asked the children and parents about their 
prior experiences with plants. The responses to this interview instrument were presented in Table 
4.18.  
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5.3 Summary of Findings on Research Question 
 
5.3.1 Research Objective 1  
 The first objective of this study was to determine which participatory garden features had 
the highest visit frequency by recording the frequency of children’s visits and revisits to the 
different participatory garden features. This data was presented in Chapter 4. As previously 
stated, with the free choice nature of the children’s experiences in these gardens, effective 
participatory garden features must attract children and encourage them to participate. The exit 
interviews with the children and their parents or guardians provided supportive data for this 
objective. 
5.3.2 Visit Frequency Data  
 The first step in the analysis of visit frequency data involved ranking the participatory 
garden features in each of the four children’s gardens from the feature that received the most 
visits to the garden feature that received the least visits. The visit frequency data was collected 
through on-site observations and recorded on quantitative data recording sheets (Appendices 1) 
in all four children’s gardens used in this study. Then, the characteristics of the top five 
participatory garden features were studied for patterns.  
 These data were then analyzed by defining the elements in the top five visited 
participatory garden features and also determining what developmental needs (Tai et al., 2006) 
were met at these garden features. The frequency, means, and percentage of occurrence of visits 
were found for each element and developmental need within each garden and between gardens 
(Tables 4.5 & 4.6).  
 The interview and observational data helped to determine the development needs met by 
these garden features. This analysis enabled comparison between the diverse participatory garden 
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features and also provided a means from which the findings of this study could be compared to 
previous research.   
 Previous research (A. Miller, 2009; M. Miller, 2005; Tai et al., 2006) on children’s 
gardens has established the essential elements for children’s gardens. M. Miller’s research (2005) 
developed a list of “72 Recommended Elements for Children’s Gardens.” This list of 72 
recommended elements (Appendices 19) was used to identify the elements in the participatory 
garden features.   
 The visit frequency data indicated that the top five participatory garden features at the 
Discovery Garden in the BBG were the Family Nature Trail (57 visits), the Meadow (52 visits), 
the Stream (33 visits), the Water Table (32 visits), and the Water Pump (30 visits). Shared 
elements in these highly visited participatory garden features included child’s scale (80%), water 
(80%), paths (80%), wildlife (80%), and woodland (60%). The element with the highest 
occurrence (80%) was water; the needs with the highest occurrence were plants (100%), and 
active play (100%).  
 The top five most visited participatory features at the HBG children’s garden were the 
Vortex and Water Bells (155 visits), the Rainbow Room (114 visits), the Sonic Pool (99 visits), 
the Prism Tunnel (84 visits) and the Marble Jets (76 visits). The shared elements in these 
participatory garden features with the highest occurrence were water and shade. The highest 
occurrence of needs was sensory experiences (100%), plants (80%), child’s scale (80%), and a 
place to cool down (80%).  
 The top five most visited participatory features at the Doris I. Schnuck Children’s Garden 
were Rope Bridge 1 (239 visits), Bridge 2 & 3 (213 visits), the Cave (210 visits), Splash (165 
visits), and The Tree House (160 visits). The shared element in these participatory garden 
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features with the highest occurrence was bridges (40%); the highest occurrences of needs were 
plants (100%), child’s scale (100%), and active play (80%).  
  The top five most visited participatory features at the Everett Children’s Adventure 
Garden were the Frog Pond (35 visits), Farm to House (25 visits), Seed Wagon (21visits), 
Boulder Maze (19 visits), Beth’s Maze (16 visits), and the Seed Cart (15 visits). The highest 
occurrence of an element in this garden’s participatory garden features was water (80%). The 
highest occurrence of developmental needs was plants (100%), child’s scale (100%), and active 
play (80%). 
 Analysis of this data across the four gardens revealed a pattern in children’s preferred 
elements in these gardens and which needs were met at the different participatory garden 
features. The highest occurrence of elements across the four gardens was water (50%), loose 
parts (20%), and place to cool down (30%). Additionally, water accounts for a large portion of 
the 20% of loose parts because water was recorded as a loose part if it was freely explored by 
children. Also, water was an element in many of the features that were considered by many 
children and parents as a place to cool down. The HBG children’s garden provided water as a 
loose part in three of the five highest visited participatory garden features. The highest 
occurrence of needs was child’s scale (90%), plants (75%), and active play (70%).  
 These data imply that the children’s most desired element in the participatory garden 
features was water. Water was an element in four out of five of the BBG and the HBG most 
visited participatory garden features; it was also an element in the top most visited participatory 
garden feature at the HBG and the NYBG children’s gardens. In the NYBG children’s garden, 
the Frog Pond was the only garden feature with water as a participatory element. It was also the 
most visited garden feature and the only feature in the garden to be revisited.  
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 Since 50% of the preferred participatory garden features contained water, this data 
implies that the children visited 50% of the participatory garden features because water was 
provided in these features. This finding is supported by the assertion of previous research (Tai et 
al., 2006) that children consider water the most desired element in a garden. “Water is the most 
desired and the least provided element in a child’s play world. .  . . Children love water in any 
form. A dewdrop, birdbath, fountain, creek, river, pool, or a thirst quenching drink, each has its 
allure” (Tai et al., 2006, p. 125). 
? Another element and development need that had high occurrences in the most visited 
participatory garden features was a place to cool down and active play. The theme, a place to 
cool down, was an inductive theme that emerged from the MoBot children’s interview data. The 
children were very involved in active play at the participatory garden features in this garden. 
Additionally, it was summer and they were hot; three children specifically described features in 
the garden as shady and cool place. The children also mentioned that the garden needed a place 
to get away from the heat, such as an indoor slide.  
 This finding implied that active play and places to cool down were a large part of the 
reason that children liked the most popular participatory garden features over four children’s 
garden features. Because this data was collected in August, this study implied that this is 
especially true during the summer months. The results of this study could be different during a 
cooler season. A Huntington parent whose family visits the children’s garden year round, 
comments support this belief, “Because there is more water. It’s water! You see the kids, they 
are very attracted to the water. They love the water, but in the winter it is different, it’s cold.” 
Another reason that children like water is its “loose parts” properties; this is supported by 
previous research (Tai et al., 2006) on children’s garden. “One of the few elements not tied to 
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concrete, water provides a movable mass, which children can experiment with” (Tai el al., 2006, 
p. 128). 
5.3.3 Children’s Interview Data  
 During the interviews, children at the HBG children’s garden children indicated most 
frequently that the Magnetic Sand, the Marble Jets, the Prism Tunnel, and the Vortex and Water 
Bells were their favorite participatory garden features. This interview data supported the findings 
from the visit frequency data. The frequency data indicated that the Vortex and Water Bells, the 
Rainbow Room, the Sonic Pool, the Prism Tunnel, and the Marble Jets were the top five visited 
PGFs. Also, the Magnetic sand was the sixth most visited garden feature with only four less 
visits than the Marble Jets.  
 Children’s reasons for choosing these features as their favorite participatory garden 
feature were classified into deductive and inductive themes. Their responses were provided in 
Table 4.13 and are summarized below: 
• Vortex and Water Bells (water, place to cool down, sensory experiences) 
• Rainbow Room (water, place to cool down) 
• Sonic Pool (water, sensory experiences) 
• Prism Tunnel (social place, aesthetics, bright colors) 
• Marble Jets (water, sensory experiences, creative play, place to explore) 
• Magnetic Sand (creative play) 
• Topiary House (creative play, retreat enclosure) 
 Children at the MoBot childrens’ garden chose the following features as their favorite 
participatory garden features: everything, root zone swings, tree house, splash (mentioned the 
most), locks, jail, bridges, slide family plot, jail:  
• Splash (water, place to cool down, active play) 
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• Root Zone Swings (active play) 
• Locks and Dams (water, place to explore) 
• Bridges (active play) 
• Tree House (active play) 
• Cave (place to explore, place to cool down) 
• Jail (informative, funny) 
• Family Plot (informative, funny) 
• Botanical Garden Experiences (aesthetics) 
 All of the children that were interviewed at the NYBG children’s garden responded that 
their favorite participatory garden features were the facilitated activities at the garden features 
(e.g. making nature journals, pollinator puppets, pollinating flowers, planting beans, making clay 
bees & flowers). The children also responded that they liked the Frog Pond, and two children 
said they liked spotting a turtle. Again, this interview data supported the results from the visit 
frequency data.  
• Nature Journals (creative play, plants) 
• Pollinating Flowers (creative play, plants, wildlife) 
• Planting a Bean (plants) 
• Making a Clay Bee & Clay Flower (plants, wildlife, artistic play) 
• Spotting a Turtle (wildlife) 
• Frog Pond (Water, Active Play) 
5.3.4 Parent or Guardian Interview Data  
 During the HBG parent or guardian interviews, the parents were asked what their 
children liked in the children’s garden. The parents spoke mostly about how much their children 
loved the water, especially in the Vortex and Water Bells. Small children (2-4 years) stayed at 
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the Pebble Chimes and as seen below, the parents gave the following reasons for their children 
liking these features more than the other features. 
Vortex & Water Bells: “Because there is more water. It’s water!” “You see the kids, they are 
 very attracted to the water. They love the water, but in the winter it is different, it’s 
 cold.” 
Prism Tunnels: (Mom) “You like the rainbow tube?” (Daughter, 5 years) “I like the rainbow 
 tube [Prism Tunnel].”  
Pebble Chimes: “He really loves that [Pebble Chimes], he actually sits there. He is a very active 
 little boy. So, the fact that he sits there for about five minutes and plays with that really 
 says a lot, he really likes that.” (Mom of boy, age 22 months).  
Magnetic Sand: “The magnetic area. She loves science, so I thought she would say that.”  
Rainbow Room: “He has been really into the water so…yeah and he will just take off [when the 
 misters start spraying].” 
Fog Grotto: (Water) “He is fascinated by drains.” 
Topiary Volcano: (Water)  
Marble Jets: “[Children like it] “Because of their size.”  “ The fountain and right here [Marble 
 Jets] are popular.” 
 At the MoBot children’s garden, parents responded that their children liked the following 
features: 
The Tree House and other climbing features were the participatory garden features that this 
group of parents discussed as their children’s favorite participatory garden feature 
 At the NYBG garden, the parents spoke most frequently about how much their children 
enjoyed the facilitated features.  
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 “I mean just for the kids, they like the younger people, the younger docents. It’s like 
 somehow they can listen to them more readily. So, this is effective in terms of” 
 Grandmother joins in, “in terms of having young volunteers.” Mom, “They like edible 
 things too.” 
 Grandmother, “ The ones with the people. It keeps them engaged. When they 
 (Explainers) talk to them (children) they listen.” 
 M. Miller’s research (2005) also involved the identification of essential elements in 
children’s gardens based on the garden stakeholders’ perspectives. Unlike this study, his sample 
of stakeholders was drawn from AHS Symposium attendees (71%) and five botanical gardens 
(29%). The stakeholders of his study included children’s garden educators, administrators, 
horticulturists, designers, and visitors. These older stakeholders chose the following elements as 
their top ten essential elements for children’s gardens: plants, water source for plants, sensory 
elements, tree, water source for people, paths, water feature, seating (child’s scale), perennials, 
and retreat enclosure (M. Miller, 2005).  
 M. Miller (2005) further analyzed his data to identify the children’s garden visitors 
perspective on essential elements for children’s gardens. This group assigned greatest importance 
to bathrooms, buildings, games area, greenhouse/cold frame, learning stations, maze, 
patio/terrace, pinwheels, security/emergency phone/first aid, swing(s), and topiary (M. Miller, 
2005). These children’s garden stakeholders had a very utilitarian view of the garden elements. 
 Both groups of stakeholders identified a much different set of elements than the children 
and their parents presented in this study. However, the age range of M. Miller’s (2005) children’s 
garden visitors’ sample was also very different. They ranged in age from 18 – 60 yrs. Whereas, 
the children’s garden visitor’s sample of this study ranged in age from ages 2 – 12 years. 
Comparing the essential elements lists from these two groups to the elements that the children 
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preferred in this study (water, active play, a place to cool down) demonstrates how important it is 
for the children’s voice to be heard in children’s garden designs. Instead creating children’s 
gardens that reflect what adults “think children want.” 
5.3.5 Research Objective 2 
 The second objective of this study was to determine from on-site observations and 
interviews with the children which participatory garden features most effectively increased their 
awareness and knowledge of plants. Additionally, a plant attitude scale and a plant principles test 
were incorporated into the children’s interviews to determine the children’s pre-existing 
awareness and knowledge of plants. The incorporation of these data collection methods allowed 
for clarification and elaboration of information from the children.  
  The highest scores on the Plant Attitude Scale (Table 21) were for the items that 
indicated that plants were important and helped people, implying that the children value plants as 
important organisms. Also, “I enjoy coming to this garden” scored high on this attitude scale.  
During the interview, the children gave reasons why plants were important, such as “Plants 
provide oxygen and food for us.” This demonstrated that these children had an awareness of the 
importance of plants in the environment that was appropriate for their age, based on the Science 
Content Standards (NRC, 1996). 
 The lowest score was for the item that said “Plants bother me.” This is a “reverse” item, 
so a low score on this item actually indicates a positive attitude. The children’s reasons that 
plants bothered them included “poison ivy,” “bees are on plants,” and “grass makes me itchy 
when I roll in it.” Another interesting aspect of this data was the middle range scores. The 
median for this data was 4.12. On the attitude scale which would indicate a neutral attitude. 
Falling below the median score would indicate an attitude moving towards a negative attitude. 
Items that fell below the median were “I like to learn about plants” and “I like plants.” The 
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findings from this data implies that these children know the importance of plants but have a 
negative feeling about how they are taught about plants and plants themselves. 
 This range in scores between the positive questions about plants and the negative 
questions about plants indicates that the children that visit this garden have a positive attitude 
about plants and an awareness of the importance of plants. However, there was much evidence in 
the interviews of the parents and children that indicated that there were alternate explanations for 
their knowledge and awareness of plants. The interviews from both the parents and the children 
revealed that all the children had some type of plant experiences, mostly at home in a garden 
with a plant mentor like a mother, father, grandparent, or a neighbor. Some parents also 
discussed plant experiences that their children had at school. All but one parent said that they too 
had plant mentors when they were children that worked with them growing plants. The 
children’s responses to the questions on plant attitude scale (Table 4.15) and their interviews 
(Table 4.16) also indicated the children were aware of the importance of plants.  
 The participatory garden feature that increased the children’s plant knowledge the most 
was the facilitated Pollinating Flowers at the Everett Children’s Adventure Garden in the NYBG. 
This is evident by the way the children accurately repeated and explained the concepts they were 
taught at this feature.   
5.3.6 Research Objective 3 
 
 The last objective of this study was to compare the children’s and parent’s/guardian’s 
perspectives to the content analysis of the children’s garden goals to determine how well these 
children garden stakeholders’ perspectives aligned with the goals of the children’s garden. For 
instance, if a children’s garden goal was for children to explore natural elements, this study 
looked at whether natural elements were provided and actually explored by the children. This 
objective was accomplished through the following data collection and analytical methods: (a) a 
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content analysis of mission or goals of the children’s gardens, (b) on-site interviews with visiting 
children and their parents or guardians, (c) field notes containing observations of children’s 
behaviors during their garden experience, and (d) a cross analysis of garden goal content analysis 
and interview data from this study’s stakeholders.  
 The content analysis of the children garden goals was conducted in a similar manner as 
the content analysis of the interview transcripts. First, the goals were read carefully to identify 
meaning units from the text in the context of children’s adventure gardens. Next, these meaning 
units were categorized deductively by the themes (strands of informal learning and children’s 
developmental needs) used for the interview transcripts. If a meaning unit could not be 
categorized by the deductive themes, then a category was developed with this inductive theme.  
 Finally, the themes from the children garden goals were then compared to the content 
analysis of both the children’s and parents’ or guardian’s interview data for common themes. 
The children and parent interview data along with the observed children behaviors (Tables 4.1 – 
4.4) were analyzed for evidence that this garden had the potential to meet the goals that it set by 
the garden based on the acquired stakeholders’ perspectives.  
 The goals of the Discovery Garden are:  
 To provide a rich learning environment for young children, full of the kinds of hands-on, 
 open-ended experiences with the natural world that are essential to cognitive  
 development. These experiences provide a foundation for a child’s naturally developing 
 affinity for and aptitude in science and lead to an appreciation of plants and nature, the 
 foundation for a personal environmental ethic” (Garfinkel, 1995).   
 Did the Discovery Garden provide a rich learning environment for young children? A 
rich environment in the sense that it provided children with many hands-on, open-ended 
experiences with the natural world that would promote healthy cognitive development. Since no 
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interview data was collected at this garden, an analysis of the participatory garden features and 
the observations recorded as field notes were used to determine the potential of this children’s 
garden for fulfilling its goals. An analysis of the participatory garden features (Table 3.1) 
revealed that 12 of the 17 participatory garden features provided open-ended experiences and 
eight of those features included natural looses parts such as soil, pinecones, and free 
manipulation of water. At the features with natural loose parts, such as the Pinecone Bin, 
children arranged the pinecone in different ways. The Loose Parts Theory stated that free 
exploration with objects such as rocks, sticks, and water promotes inventiveness, creativity, and 
the possibility of discover (Nicholson, 1990 as cited by Louv, 2008). For example, the children 
arranging the pinecones had unlimited ways to play with them. Thus, the children could have 
imagined that the pinecones were cars in a garage, animals in a barn, or many other possibilities. 
This research combined with the data on elements, and the children’s behaviors provided 
evidence that this garden does provide opportunities for open-end experiential learning.     
 Research (Louv, 2008; Tai et al., 2006) also supported the belief in this goal statement 
that open-ended activities in the natural world promote children’s healthy cognitive 
development. “Countless studies support the theory that children thrive in play areas with diverse 
natural elements as their tools, and their cognitive and social development is enriched by such 
imaginative and unrestricted play” (Tai et al., 2006, p. 10).  
   Did these experiences provide a foundation for a child’s naturally developing aptitude in 
science and lead to an appreciation of plants and nature, the foundation for a personal 
environmental ethic? Research also supported these two beliefs. Sobel (1996) believed that the 
key to developing environmental stewardship is allowing children to form a close relationship 
with nature near their home through activities like the ones this garden provides. Once children 
feel connected to nature and the environment, they’ll be compelled to seek out the facts about the 
233
global environment as they mature and take a vested interest in devising sustainable practices for 
the future (Sobel, 1996). The behaviors from the field notes provided evidence that these 
children are developing a relationship to nature at a close proximity. On the Meadow Path a 
mother and her son were observed looking at the insects on the wildflowers, Mom, “Look at the 
beautiful butterfly.” Child, “Look at the strange bug.” 
   The children at the stream feature were observed experimenting with the water by 
dropping leaves and sticks into the water. According to early childhood research (Sharpiro, 
2010), giving children a broad range of experiences where they can mix play with 
experimentation in the natural world ensures that they will have a broad range of experiences to 
refer back to in future learning. This research implies that these children were having the 
experiences in the natural world that facilitates the development of an aptitude for science 
(Sharpiro, 2010). 
  The goal of the Helen and Bing Children’s Garden at the HBG was “Inviting youngsters 
to enter and explore, the Helen and Peter Bing Children’s Garden opens up endless pathways to 
discovery” (http://huntington.org/huntingtonlibrary.aspx?id=486). This adventure garden’s goal 
was to provide young children with hands-on experiences that demonstrate scientific principles 
related to the ancient elements of (a) earth, (b) fire, (c) air, and (d) water 
(http://www.huntington.org/huntingtonlibrary.aspx?id=486). 
  True to the garden’s goals, the children’s interview data (Table 4.16) confirmed that the 
children made discoveries at the different participatory garden features related to magnetism, 
visible spectrum, water vapor, and plant adaptations to their environment. An analysis of the 
interview data of both the children and parents revealed that the children were having a lot of 
fun, but they were also making discoveries that indicated they were developing an age 
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appropriate or above understanding of the scientific principles presented in the participatory 
garden features.  
  The participatory garden features facilitated this learning by providing models of 
scientific principles related to earth, fire, air, and water. For example, a boy, age 7 years, 
describing the Prism Tunnel said, “ . . . On the ceiling they have a light and it shows the rainbow 
and it’s on the floor everywhere.” Although he may not have understood that the rainbows were 
caused by the refraction of the light, his comment demonstrated that he understood that the light 
was responsible for the rainbows or visible spectrums he was seeing in the Prism Tunnel.  
 The example of a girl, age 11 years, demonstrated an understanding of this content standard, 
“Adaptations of plants and animals that enable them to thrive in local and other natural 
environments.” Her response revealed that she had learned this concept by the observations she 
made in the children’s gardens of different plantings (e.g. the bog garden and the succulent 
garden.) Both of these examples provided evidence of how the participatory garden features in 
the Helen and Peter Bing Children’s Garden help to build a good foundation for the scientific 
knowledge which children can will refer to in future formal learning (Shapiro, 2010).  
 The National Research Council (????) developed the National Science Education 
Standards; these statements define what children should know, understand, and be able to use by 
certain grade levels. In grades K – 4, formal educators teach children the principles behind light, 
heat, electricity, and magnetism. The concepts of light refraction and the visible spectrum are 
taught traditionally taught in the fourth grade. The K – 4 principles demonstrated in the 
participatory garden features at the HBG include the following principles. 
• Determine whether objects are magnetic or nonmagnetic  
• Describe how light behaves when it strikes objects and materials (e.g., transparent, 
translucent, opaque)  
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• Describe what happens to white light as it passes through a prism 
• Describe adaptations of plants and animals that enable them to thrive in local and other 
natural environments  
• Identify and explain the interaction of the processes of the water cycle (NRC, 1996) 
 The goal statement of the Doris I. Schnuck Children's Garden states, “Introduces 
youngsters at their most impressionable age to the significance of plants and nature in fun and 
innovative ways” (http://www.mobot.org/finn/CHD_about10.asp). The Doris I. Schnuck 
Children’s Garden takes a leadership role in connecting children with plants and nature: 
  (a) By providing a safe, nurturing, and enriching environment for outdoor play the 
 Children’s Garden contributes to healthy child development. (b) Through its thoughtful 
 design and cutting-edge educational programming, the Children’s Garden introduces 
 children at their most impressionable ages to the significance of plants and nature in fun, 
 engaging, and innovative ways (http://www.stlsprout.com/places/the-dirt-on-the-doris-i-
 schnuck-children-s-garden). 
 The first part of the Doris I Schnuck Children’s Garden’s goal was to connect children to 
plants and nature through a safe, nurturing environment for outdoor play. As mentioned in 
Chapter 4, the perimeter fence and the single gate was assurance of the safety of the children’s 
garden to some parents and guardians.  
 However, the parent interview data (Table 4.17) indicated that parents with younger 
children, ages below five years, felt that the garden was unsafe. Some of their fears included: (a) 
“My only issue with this area is…it’s like a huge playground that you can’t see through because 
of how dense and wooded it is. So, to me there’s like a little safety fear that makes it not as easy 
as a playground and I just have to just like watch;” (b) “I have to watch three kids. I have a 
daughter . . . pretty soon, I’m going have to go look for her. That’s the only difficulty of this 
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place . . .(and he will) literally will go down the slide and climb up the stairs for 45 minutes;” 
and (c) “There’s not even like a turnstile gate or anything. They [her children] could be like, over 
by the goldfish & I wouldn’t even know it.”  
 The parents and guardians differences in opinions about the safety of this children’s 
garden was influenced by the age of their children. The parent and guardian interview data 
indicated that parents with children over 5 yrs. either stated that they thought that their children 
were safe roaming the children’s garden or did not mention it in their interview. However, most 
of the parents or guardians with children under 5 yrs. were concerned about the safety of the 
garden. This statement from a mother illustrates this finding, “But I’m kind of like, I just need to 
start loosening up, they’re getting older.” The children’s safety was a reoccurring theme that 
occurred in parent interview data at some of the other gardens and will be discussed further in 
the implications. The children did not mention safety in their interviews.  
 Another one of the garden’s goals is to provide an environment for outdoor play. This 
garden successfully accomplished this goal. Most of the participatory garden features provided 
an environment for active outdoor play. The parent and guardian interview data indicated that the 
children thought of the garden as a place to play and active play was an element in the five most 
popular features. Active play was also the third highest occurring developmental need behind 
child’s scale and plants in the five highest visited participatory garden features. Also, most of the 
interview data indicated that this goal was being met. 
 The last part of the goals statement stated that through the design of the garden and 
programming offered at the garden the children would be introduced to plants. Most of the 
parents responded that they did not think that their children learned about plants. They believed 
that the children saw the children’s garden as a place to play, not a place to learn. However, they 
did indicate that children were exposed to plants in the children’s garden. Some believed that this 
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exposure would lead to an appreciation of plants when the children do grow up. This issue will 
be discussed further in the implications. 
 The programs offered in the garden are called Green Adventures. Tyler (2010) classified 
these types of activities in a children garden, in terms of autonomy, as facilitated or guided 
participatory garden features. The Green Adventures that were observed involved the children in 
creative play by becoming a tree. Children wore a vest for bark and socks with yarn hanging 
from them for roots. A garden volunteer guided children through this transformation while 
discussing the functions of each tree part.  
 These adventures mirrored the approach used by the Explainers in the NYBG children’s 
garden to teach plant concepts. At the NYBG children’s garden, this approach proved very 
effective in teaching the basic plant concepts such as plant parts and pollination as evidenced 
from the examples given. Although these children were not interviewed, based on the learning 
theories discussed in Chapter 2 and the data from other gardens, these Green Adventures 
facilitated an awareness and appreciation for the importance of plants. Research (Sobel, 1996) 
also supported the becoming the organism approach used in this lesson for young children. Sobel 
recommended applying the “developmental principle that children like to become things rather 
than objectify them in early childhood” (Sobel, 1996, p. 14). Explaining this principle through an 
example similar to the tree lesson, he discussed how a group of children became birds by putting 
on a set of wings and exploring life as birds.  
 The goals of the Everett Children’s Adventure Garden in the NYBG are: 
 (a) To create a setting where children explore basic scientific concepts and do plant  
 science; (b) to deepen children’s knowledge and appreciation that plants are alive. Plants 
 are living things that have life requirements, life processes, and their environments are 
 always changing; (c) to create innovative ways for children to interact with living plants 
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 and their environments, using landscapes, interactive exhibits, signage, and Explainers; 
 (d) to encourage children to observe and enjoy the natural world which surrounds them” 
 (NYBG Explainer Manual, n.d.) 
 The goals of the Everett Children’s Garden are reached as evidenced by the examples 
given in Table 4.13. Children participate in plant science individually (guided by signage) and 
with the Explainers in the herbarium and outside in the garden. The Explainers teach plant 
knowledge through direct instruction when they facilitate the participatory garden features. The 
trails and pond provide quiet, naturalistic settings where children are prompted (by signage) to 
observe and spot wildlife. 
5.4 Research Question 
 
 Do children’s gardens facilitate the development of an awareness and knowledge of 
plants in children? This study specifically looked at the potential of the different participatory 
garden features in these gardens for developing children’s awareness and knowledge of plants 
from the stakeholder’s perspective. The stakeholders included in this study were the children 
who visited these children’s gardens and their parents or guardians accompanying them on their 
visits. After a review of existing research described in Chapter 2, it was decided that research 
was needed to explore the children’s and parents’/guardians’ perspective on the effectiveness of 
different participatory garden features in children’s gardens for facilitating plant knowledge.   
5.4.1 Children’s Perspective 
  
 The findings from the children’s interview data of this study indicated that across three of 
the four gardens (No interview data was collected at the Discovery Garden at the BBG), the 
majority of children (67%) thought they did learn about plants on their visits to the children’s 
garden, while 33% thought that they did not learn about plants on their visits (Table 4.16). The 
children’s interview data also indicated that their perspective on whether they learned about 
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plants or not during their children’s garden visits depended on which garden they visited, 
participatory garden features they visited, and their prior experiences with plants.  
 For example, 100 % of the children that were asked if they learned about plants during 
their visit to the NYBG children’s garden expressed that they had learned about plants and gave 
specific examples of the plant knowledge that they learned from the Explainers facilitated 
Pollinating Flowers Feature. For example a girl, 8 years of age, responded, “And we learn about 
pollen and all kinds of creatures: butterflies, bees drinking nectar from flowers. And then when 
they go to another flower to get more nectar, then the pollen gets stuck on the flower and it 
makes fruit and vegetables grow.” 
 This knowledge was gained from the girl’s visit to the Explainer facilitated Pollinating 
 Flowers Feature.  
 The Explainer asked children, “Do you want to learn about pollination?”  
 (The children and the Explainer pollinate large models of flowers with puppets.) “So you 
 know that the pollinators come to the flower, right? Do you know what happens?” 
  Explainer, “So as long as the pollinator has the pollen stuck on him, he goes to another 
 flower. So when he goes to drink the nectar from the other flower the pollen starts falling 
 off.” (Explainer and Boy 1 pollinate the flower models with bee and hummingbird 
 puppets as she talks.)  
 “And the pollen sticks. Do you know what happened to that flower now? Everything 
 starts falling off.” (They take off the petals.) “And you what happens to this? 
 Explainer, “Very good. So now we’re going to test you to see if you were paying 
 attention. So, your puppet, well pollinator is going to come here to drink?” 
This lesson example provided evidence that the girl’s knowledge of pollination was a result of 
her participation with the facilitated Pollinating Flowers garden feature.  
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 Children at the MoBot children’s garden were evenly divided about their experiences. 
Half of the children believed they learned about plants and half believed they did not learn about 
plants at the children’s garden. The children who responded that they did not learn about plants 
cited reasons such as, “No, I was too busy playing.” These children also responded that their 
favorite features were features that involved active play: “Climbing stuff; the root swings under 
the tree platform; the slide; the rope bridges; and the water part.” 
 The children who responded that they had learned about plants at the children’s garden 
gave specific examples of the knowledge that they acquired from a participatory garden feature, 
but their responses also revealed that prior plant experiences had heightened their interest in a 
particular garden feature. The following response from a girl, age 9 yrs., was an example of this 
finding.  
 Well, a little. I usually don’t discover something, but today I did discover something . . . 
 Some of those [weeds in Jail feature] I didn’t even know existed. Some of those I have 
 seen before, I knew, but when I saw a certain white flower I was like, “Where did that 
 come from? I know that.” So, I think it is just very interesting.  
 This response provided evidence that this girl’s interest in the Jail participatory garden 
feature was a result of her prior experiences with honeysuckle. Later, in her interview she also 
identified the Jail as one of her favorite participatory garden features because she learned 
something new about honeysuckle. 
 Then I would have to pick the weed jail [as my favorite PGF] because I never knew that 
 honeysuckle was a weed. Sometimes I drink the nectar because I think it’s great. I never 
 knew that I was actually drinking the nectar of a weed, girl, age 9 years. 
Again, this example demonstrates that this girl did acquire this plant knowledge (Honeysuckle is 
considered a weed in Missouri.) from a participatory garden feature in a children’s garden. 
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 In the children’s garden at the HBG, 60% of the children that were asked if they learned 
about plants at the children’s garden responded that they had learned about plants, and they cited 
examples of specific knowledge that they had gained from the participatory garden features. For 
example, a girl, age 11 yrs. had the following response. 
 Yeah, Yeah. Well, I learned about what type of environments they need or how much 
 water. . . .Well, mostly over there. [She points to the small water garden. There are 
 wetland plants growing in it.] Well, actually you can just look and see.   
 Me: The way they are planted in different places? 
 Exactly. So, it shows, well, the palm trees, they are in the desert section. Well, you can 
 actually see. [She points to the succulent garden.]  
 Other children (40%) who responded that they did not learn about plants in the children’s 
garden gave examples later in their interviews that demonstrated that they had actually learned 
about plants in the children’s garden. One girl, age 7 years, described a discovery that she made 
at the Marble Jet feature.  
  I liked that I could, that it hopped [the water jet at the Marble Jets participatory garden 
 feature] sometimes and also that I liked that the water is hot and cold [the hot pot was in 
 the full sun, while the cold pot was shaded by the tall leaves of the umbrella palm]. So, I 
 could feel that one is warm. The moss grows in the warm water and I feel the moss. Moss 
 is like green stuff that, it’s algae or moss, this green plant that feels kind of fuzzy and 
 sometimes fish eat it.  
 However, when asked if she learned about plants in the children’s garden, she responded. 
“I didn’t learn much because I already learned about plants at school.” She then explained to me 
the basic concepts of plant parts and their functions. Her observations about the moss growing in 
the hot water indicated that she did have a heightened awareness of plants that was developed 
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from prior plant experiences. However, her prior experience was expanded by the her 
observation that the “moss grows in the warm water.” This example also illustrates a finding 
mentioned in the Mobot garden example, that children’s prior experiences with plants heightens 
their awareness of plants and results in more meaningful experiences with plants in these 
children’s gardens. This finding is supported by the research of Wandersee and Schussler (2000), 
which found that early experiences with plants, especially under the guidance of a plant mentor, 
were a good predictor of interest in plants throughout a person’s lifespan. 
5.4.2 Parents’ and Guardians’ Perspective 
 The findings from the parents’ and guardians’ interviews across the gardens indicated 
that the majority (63%) of the parents and guardians believed that their children learned about 
plants in the children’s gardens. However, they did not believe that their children were learning 
basic plant concepts. The parents and guardians believed that their children were exposed to 
plants either within the children’s garden or outside of the children’s garden in the botanical 
garden. Parents and guardians cited examples of how their children noticed the plants and asked 
questions about them in the botanical garden. Several parents and guardians explained examples 
of how they were able to teach their children about plants in the botanical garden when the 
children were not involved in the play aspect of the children’s garden. The parent and guardian 
responses to this question are provided in the Table 4.18.  
 However, the findings from the parents’ and guardians’ interview data were contextual 
depending on the children’s garden and they paralleled the children’s perspective. In the 
Discovery Garden at the HBG, 80% of the parents that were asked if they thought their children 
learned about plants in the children’s garden responded the they did believe that their children 
learned about plants in the children’s garden. These parents believed that their children learned 
best through experiential learning: being outside, seeing, touching, and picking up things. They 
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also believed that the children’s garden provided these opportunities. One parent explained how 
nature stimulates curiosity and teachable moments between parents and children. “We read 
books and stuff at home, but if I didn’t take him out [outside], he would never know what things 
are because I wouldn’t think to tell him. He’s just curious about it. Like a shadow, if you were 
not outside, I would never think to tell him unless he sees it and says, ‘What’s that?’ ” She 
continued to explain how he also asks about bark, leaves, and other plant parts.  
 However, they did not think that their children were learning the basic plant concepts, 
such as plant parts and functions. Another parent, much like the girl who made the discovery 
with moss, responded that her daughter did not learn about plants in the children’s garden. 
However, throughout the interview her daughter was making observations and discoveries in the 
garden. Furthermore, her discussion about the things that she and her daughter did in the 
children’s garden indicated that her daughter did learn about plants and nature in the children’s 
garden. While the Mom was explaining how they had been watching and discussing the growth 
of the grapes in the garden, her daughter spotted a lizard and they discussed camouflage. Then 
the Mom talked about how children can appreciate “a lot of scientific educational things” in the 
children’s garden. “And we have been watching over the last 6 – 8 weeks the grapes appear and 
get larger and larger. It’s great, because we were talking about that and it’s really neat to see the 
change in the agriculture and plants.” Then her daughter ran up to her Mom and said, “Mommy, 
I love the grapes!”  
 This example and the one with the girl who observed the moss is the Marble Jets feature 
suggested that some of the parents do not recognize the value of the natural, experiential learning 
that occurred in these children’s garden for teaching children about plants. When asked about 
whether their children learned about plants, they think of traditional, direct instruction of plant 
facts. Her comment about learning in the garden supports this finding, “I think educationally, 
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honestly, it sounds horrible, but I find this environment to be less educational from a directive 
point of view. And more just my child being in a natural environment, unstructured.” 
 In contrast, all but one parent (85%) at the NYBG believed that their children learned 
about plants in the children’s garden. However, this group of parents also gave examples of 
experiential learning for reasons that their children learned in the children’s garden. One Dad 
responded, “Well, they are actually there. There actually one-on-one viewing, they’re grasping 
what they are seeing, instead of a classroom where they theory-coat the part. Out there nature 
takes it to the fullest.”  
 The parent who did not believe that her children learned about plants in the children’s 
garden believed that the children’s garden provided exposure to plants but didn’t believe that her 
children were learning about plants. Again, this example provides evidence that many parents 
believe learning about plants involves only the recall of basic plant concepts such as plant parts 
and functions. This exposure to plants theme also appeared in the parent interview transcripts 
from other garden settings.  
 The MoBot parents’ and guardians’ interview data indicated that only 29% of the parents 
and guardians believed that their children learn about plants in the children’s garden. The 
majority believed that the children’s garden was more about play to the children; however, many 
parents and guardians acknowledged that the children were exposed to plants both in the 
children’s garden and in the botanical garden. Some parents indicated that they thought this 
exposure would develop into an appreciation for plants later in the children’s lives.  
 This Mom’s response is a typical example of the parents’ responses collected from this 
children’s garden. “I don’t know if this teaches about plants. They’re exposed to it because they 
see it. Maybe, appreciation; but in terms of knowledge, maybe the older ones, if they wanted to 
read the signs. I think that they look at it as play.”   
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5.5 Conclusion 
 “Do you want me to talk about what kids love here? Or do you want me to say something 
about what would make it better?” (Boy, 2H). These were the first words that began this long 
arduous exploration into the world of children, ages 2-12 years, in children’s gardens across the 
United States. Since these conclusions and implications originated from the children, parents, 
and guardians I couldn’t imagine a better way to start this discussion.  
 First, this discussion addressed the findings of each objective to identify the effectiveness 
of the four gardens for facilitating an awareness and knowledge of plants in children. Then, it 
addressed, “What would make it them better?” or the implications. Many of the implications 
were adapted from the inductive themes that emerged from both the parent and children’s 
interview data. 
5.5.1 Objective 1. Features Visited the Most by Children 
  The majority of children, ages 2 -12, enjoyed and engaged (visited more frequently and 
for longer periods of time) participatory garden features that contain the element water. Based on 
the observational data and visit frequency data, the key to the success of a water feature was 
directly related to its participatory aspect. The children liked and participated more with water 
features that provided water as a “loose part” or allowed the children to “get into” the water, both 
bodily and mentally, for the purposes of open-ended exploration and discovery, “getting wet,” or 
to “cool off” on the hot days of summer (The time when children’s gardens experience the 
highest attendance rates.). One Mom said when asked what her children liked and why? “Water, 
and more water.” Why? “It’s water!” 
 Plants and child’s scale were the developmental needs (Tai et al., 2006) that were ranked 
the highest in occurrence in the highest visited participatory garden features. Plants and child’s 
scale were included in some way in most of the participatory garden features. It is common 
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knowledge that children like child-scaled furniture and houses, so naturally they would like 
child-scaled elements in the participatory garden features. Most children’s gardens and 
playgrounds incorporate elements that are child-scaled. 
 Plants are essential for children’s gardens (Tai et al., 2006) and developing an awareness 
of plants in children is a goal for all children’s gardens. However, the interview data indicated 
that children prefer brightly colored flowers, edible plants, such as fruits, and unusual plants, 
such as pitcher plants. “I like to see the different kind of plants and there’s a plant in that I’ve 
never seen ever before. It’s a pitcher plant and I like to see that” (Girl 8M). 
 Children also enjoyed and engaged with features that involved active play. Sometimes 
when a participatory feature did not facilitate active play, the children were observed creating 
new ways to participate with the feature that did involve active play (e.g. The observed behaviors 
of the children at the General Store feature in the MoBot children’s garden.) The girls were 
involved in creative play, pretending to buy things, sweep, and just “play store.” While the boys 
took the plastic fruit with the broom in the other hand, and said, “Let’s play store ball!” They 
then proceeded to use the fruit as a hockey puck. 
5.5.2 Objective 2. Features That Were The Most Effective For Teaching About Plants. 
 When participatory garden features were facilitated, they were the most effective features 
for developing plant knowledge in the children. They also attracted more children, and the 
children learned the basic plant knowledge that was taught in the feature. The interview data also 
showed that the children liked features that were facilitated. Parents commented that the children 
were attracted to and enjoyed young adults as facilitators. For example, the visit frequency data 
from the NYBG children’s garden showed that the feature, Pollinating Flowers, was one of the 
highest visited while it was facilitated by an Explainer. However, no children visited or even 
noticed the pollinating puppets or flowers when it was not facilitated. Also, the time movement 
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data showed that children stayed almost three times longer at facilitated features than non-
facilitated features. Which variable (facilitator or time spent learning) is responsible for the 
increased awareness and knowledge of plants? It would be interesting to research time spent at 
features’ correlation to awareness and knowledge of plants. Also, one of the goals of this garden 
was to teach plant knowledge. 
  Although the purpose of this study was to determine if children learned about plants in 
children’s gardens across the United States, it was an exploratory study with flexible research 
methods that allowed for children to tell their stories. These stories provided some insightful 
serendipitous findings.  
 Children in these gardens were not necessarily learning basic plants concepts, such as 
plant parts and the function of the different parts. The interview data indicated that this was a 
belief held by both parents and children. However, at the features that allowed for independent 
exploration children were developing the practices for scientific inquiry and made some 
profound observation and inferences involving plants.  
 Recent research has uncovered “evidence that young children are often quite adept at 
uncovering statistical and causal patterns and that many foundations of scientific thought are 
built impressively early in our lives” (Keil, 2010, p. 1022). Two examples from the HBG 
children’s garden provided evidence that supported this research. Children who are given the 
opportunities for unstructured, dream-like play and exploration while surrounded by plants; will 
notice them and make astute observations and inferences about plants.   
 True to the garden goals, the HBG children’s garden provided many opportunities for 
children to play, explore and discover. For example, HBG girl-1, age 11 years, she described 
how she learned about where plants grow and how much water they needed through observations 
of the bog garden and the succulent gardens in the children’s garden (Figure 5.1). This 
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demonstrated that she was becoming more aware of plants through her observations in the 
children’s garden. It seemed obvious to her, “Well, actually you can just look and you can see.”  
            
Figure 5.1. Bog & Succulent Gardens  
 Also, another example is HBG girl-6, age 7 years, who explored the marble jets feature 
(Figure 5.2) and discovered that moss grew in the water pot with warm water, but not in the pot 
with cold water (shaded). She was also building a strong foundation for future scientific thinking 
and learning (Strand 1). 
            
Figure 5.2. Marble Jets 
 
  The models used in the HBG children’s garden features were very effective in teaching 
several physical science concepts without facilitation or prompts (Strand 2). For example, in the 
Rainbow Room (Figure 5.3), the children were surrounded by mist and noticed the rainbows 
created from the union of sunlight and water droplets. Some discussed how you could see the 
clouds form.  
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  Figure 5.3. Rainbow Room 
In the Prism Tunnel (Figure 5.4), the children were surrounded by visible light spectrums and 
realized that the light coming in the tunnel caused them.  
               
  Figure 14. Prism Tunnel  
 
 The girl in the first example demonstrated a discovery of knowledge of environmental 
adaptations of plants (Strand 2) that she acquired through her direct observations of the bog and 
the succulent gardens in the children’s garden. The second example of the boy’s excitement 
about seeing the rainbows in the Prism Tunnel demonstrated excitement about learning (Strand 
1).  
5.5.3 Objective 3. Alignment of Goals with the Stakeholders’ Perspective 
 The four children’s gardens in this study were meeting their stated goals as discussed in 
Chapter 4. However, the MoBot parents (with children under 5 years) were concerned about their 
children’s safety because the dense, mature vegetation and the size of the garden impaired the 
visibility of their children. They had to follow them around or if they had more than one child, 
they would stay with the younger ones and worry about the older ones.  
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 Also, the majority of parents and children thought that the garden was about play and did 
not think that their children were learning about plants. Several parents did comment that the 
children were surrounded by plants and exposed to plants. Some thought that this would lead to 
an appreciation for plants and the environment in the future. 
5.6 Implications: “What Would Make These Gardens Better?” 
 This study presented findings for the research question and objectives from the 
unexplored perspective in children’s gardens, the children and the adults accompanying them on 
their visits. The following implications were: “What the children and their parents or guardians 
thought would make these gardens better.” These implications were derived from the reoccurring 
themes in the children and parent interviews. These themes have implications for what children’s 
gardens and botanical education should be.  
5.6.1 A Garden Where Kids Can Grow Plants 
 The response that the majority of the children gave when asked what they wanted to see 
in their children’s garden was gardening. The children wanted to come to the garden and plant 
vegetables and flowers and be able to watch them grow over time when they visited the garden. 
 If I could, I would, make it like, so people could grow their own things here with a little 
 bit of help from other grown-ups. They would learn how to grow plants and they could 
 actually grow their own plants and they could come back and see their own plants and 
 how they are growing. It would teach them how you grow plants and how you can watch 
 plants and how they have different stages” (Girl 6H, age 7 years). The parents also 
 thought that a gardening program was the most effective way to increase their children’s 
 plant knowledge and awareness. They also believed that children were disconnected from 
 the source of their food and that gardening would help children understand this 
 connection.  
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 Mom 1: The only thing that I can think of is like an actual like growing garden. That’s 
 what I would like to have. I know that the garden has educational things for kids, but I 
 would like to see the kids, like have vegetables and even an area for kids that could come 
 in and plant. 
 Mom 2: (Joins in) Even like a composting area where the kids could see. It would have to 
 be where the kids could come in every week and actually see the growth of the plants.   
 In the interview data, there were many other examples from both children and parents 
insisting that the experience of gardening would be the most effective method for learning about 
plants. The parent interview data on experiential learning in these gardens also provided support 
for these implications. These stakeholders’ suggestions also have implications for formal science 
educators, such as teaching plant science through gardening. 
5.6.2 A “Kid-Friendly” Garden 
 The children and parents also wanted a “kid friendly” garden, a place where children 
could roam freely and touch things. The majority of the parents believed that their children 
learned through hands-on, tactile experiences. They wanted to be able to let their children roam 
the garden exploring and feeling things.  
 I think that most kids definitely learn better hands-on, then reading about something in a 
 book, whether it is flowers or you know, explaining about the rainbow. When they can 
 see it. Don’t pick the flowers. I’m sure that’s not what he’s supposed to be doing, 
 especially at his age. That’s the thing, that’s how they learn! I think especially boys. I 
 have only boys and it seems like, he just wants to dig, pick up rocks, and look for  bugs, 
 and ask, “What’s that?” Like bark and leaves and stuff, he wants to know what they are. 
 He just wants to touch things and see how it works, and knock things over and see what 
 happens.  
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 The children also believed that touching was important for learning. “How would you 
find that out? You would want to touch it. Like a project on a plant and you would want to find 
out actually what it was, you would touch it” (Boy 8M, age 8 years). 
 All four of the children’s gardens had rules posted at the entrance; these rules specified 
points such as children had to be accompanied by an adult, wear their shoes, could not picnic or 
eat in the garden. However, at each garden parents brought snacks for their children because they 
usually stayed for hours at the children’s gardens.  
 One day in one of the children’s gardens, a couple was having a very positive experience 
exploring plants with their young daughter. When the family sat down, the mother handed her 
daughter a cracker and the experience quickly became a negative experience. The children’s 
garden horticulturist told the couple that they would have to leave because their daughter was 
eating. They left immediately.  
 In other gardens, the horticulturist scolded small children for picking a leaf off a plant 
and splashing water at each other. However, when a kinder approach was used in another garden, 
the experience remained positive for the visitors. When a group of small children were eating a 
snack, the guard kindly told them if they didn’t make a mess that they could eat their snack.  
 Two grandmothers believed that snacking was part of the fun experience in the garden 
and provided an opportunity to teach children how to clean up after themselves. Grandmother 
1M: “That’s (snacking) part of the fun.” Grandmother 2M: “And that’s part of teaching them to 
clean up and leave things the way you found it.” 
 Ashley Gamell, Coordinator, teaches her staff to have a “zen” approach at the BBG 
Discovery Garden.  
 We have relaxed our enforcement of the eating policy in the garden, though the rule is 
 still there. My staff and I now permit families to snack, and  only confront visitors if they 
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 are adults or are spreading out a serious picnic. Part of working in a children's garden I 
 always say is being "zen" - being accepting that plants might be tugged or broken, things 
 will be moved around, crumbs will be dropped, but those things are necessary to create a 
 garden where children can feel free to manipulate, explore, and fully engage with their 
 environment (personal correspondence, August 2, 2011).  
5.6.3 A Safe Garden 
 Although safety was not a concern for the children, many parents discussed their concern 
about the safety of the children’s gardens. In particular, mothers with children under the age of 
five years. They expressed concerns that their children could be taken or could leave the garden 
without them. Several parents had two children and as the watched with the younger child they 
remained concerned that the older child might leave the garden or be taken. This finding was 
supported by Louv’s research (2008) that insisted “stranger danger” was the number one reason 
that children did not go outside.  
 Children’s gardens should be places where children can safely explore through dream-
like play. Some of the parents’ suggestions for improving safety included having only one gate 
for both the entrance and exit. They believed that the gate should close and have garden staff 
watch the gate to ensure that children did not leave without an adult.   
 “They’re bigger now, but I still want to hear them all the time. There is no need for 
another entrance or exit because this is kids, you know and I don’t need to tell you that every 
mother is really scared. So, I feel like if there is only one entrance and exit, it’s easier. You know 
that they can’t go out and nobody can take them” (Mom 2H). The parents also expressed they 
would like to be able to sit in a shady place in the gardens and watch their children from a safe 
distance. This would allow their children to independently explore in natural settings; a practice 
that Louv (2008) believed is needed to reconnect children to the natural world.   
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5.6.4 A Place for Children and Parents to Learn Together 
 The analysis of the interview data revealed that 99% of the parents and guardians that 
were interviewed had plant experiences with a plant mentor when they were children. 
Additionally, 100% of the parents and guardians interviewed were providing plant experiences 
with their children. Research (Wandersee, 2001) indicated that early experiences with plants 
under a watch of a knowledgeable adult (plant mentor) greatly increased children’s awareness 
and knowledge of plants. 
 However, many parents wanted to teach their children in the gardens but lacked the 
knowledge and confidence to mentor them. They believed that interpretive media in the form of 
signs with limited text or a brochure would give them the confidence to mentor their children 
during their experience in the garden. Many parents also discussed how their children were more 
interested in plants outside of the children’s gardens in the larger botanical gardens. 
Grandmother 2M,  “In other parts of the garden, they are interested in what is most beautiful, in 
here it’s just all about fun.”   
 This finding implied that a long walk through the botanical garden increases children’s 
awareness of plants. It also implied that parents equipped with some type of interpretive media 
would teach their children about plants. For this reason, children’s gardens should be placed in a 
location where parents and children must walk through the botanical garden to get to the 
children’s garden. Preferably, past plants with scents, brightly colored flowers, or unusual 
characteristics or behaviors.  
 One thing I would love is to have one of the lists of what the different flowers are, 
 because a lot of times, I don’t know what they (flowers) are called. And if you are trying 
 to teach them, it’s like, ‘Yes, yellow flower’ (laughs). I don’t necessarily know what they 
 are called because there are so many different varieties…that would be nice, Mom 6H. 
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 There are many innovative ways to produce interpretive materials without cluttering 
gardens with signage such as backpacks filled with information and participatory plant activities, 
information on the botanical garden’s website. Lownds, curator of the Michigan 4-H Children’s 
Garden, uses technology to stimulate and sustain interest in plants. “He believes that technology 
is not the enemy (by keeping children inside), but rather a powerful tool that can help student 
explore the natural world” (Albers, 2011, p. 38).  
 The Michigan 4-H Children’s Garden uses iPod Touches to lead children on a scavenger 
hunt for QR (“quick response”) codes throughout the garden. At their “Wonder Wall,” a virtual 
blackboard, children post questions about the plants in the garden. The success the curator has 
with school groups in sustaining children’s interest and increasing their knowledge of plants has 
implications for the formal education setting. He hopes that it inspires schools to see the school 
garden as a vital part of their curriculum (Albers, 2011).  
Providing education for parents in a flexible venue like the iPod touches may prove to be 
the most efficient way of getting children to notice plants. Research has shown that parents play 
a key role in helping children select and identify appropriate details. Crowley found that children 
who engaged with their parents during their visit viewed exhibits with more perceptive eyes and 
that their explorations were longer, broader, and more focused on relevant comparisons than that 
of children exploring the exhibit on their own (Crowley and Galco, 2001 as cited in Fenichel & 
Schweingruber, 2010).  
5.6.5 A Garden that Continues to Evolve  
 “Something new” is a theme that emerged from both the parent and children’s interview 
data. Families who are members of the botanical gardens visit the children’s gardens regularly. 
They need something new to keep their interest in the children’s gardens and the botanical 
gardens. Some gardens have addressed this need through “kid-friendly” events both in the 
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botanical gardens and the children’s garden that are open and interesting to children. Some 
examples of these are the “Glass in the Garden,” exhibition of glass sculptures and “Ghouls in 
the Garden” at the Mobot. Many gardens also host evening concerts and events where families 
picnic on the garden lawn. 
 Still, other children’s gardens continue to evolve adding new and removing ineffective 
participatory features based on evaluations of the garden. “ Often, the garden’s program & vision 
evolve. This is perfectly normal and encouraged. It helps keep things fresh so that visitors want 
to come back” (Tyler as quoted in Tai, 2006, p. 92). 
5.7 Recommendations for Further Study. 
 
 Tai et al. (2006) recommended the study of successful children’s gardens to provide 
valuable insight for the creation of gardens that meet the needs of children. This study explored 
four successful children’s gardens through the perspective of the visiting children and their 
parents or guardians. Their stories offered many insights into what works for children in these 
gardens, the elements and participatory garden features children liked, and why they liked certain 
elements and participatory features over others. Also, it provided insight into what children were 
doing and learning in these gardens.  
 This study discovered how these gardens invited children to play while stealthily 
facilitating explorations that nurtured children’s sense of wonder and promoted the practices of 
scientific inquiry. This study also discovered that there was much more to learn about children’s 
gardens from these children, and they are eager and valuable participants in children’s garden 
research. Listed below are recommendations for the further study of children’s gardens: 
 (a) Since the sample size of this study limited its inference transferability, a larger study 
 with more garden settings that interviewed and observed more children, and parents or 
 guardians. 
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 (b) Bell et al. (2009) insisted that there is a great need for research on the effect of 
 informal science learning settings over time. A longitudinal study of whether children 
 over time and multiple visits to the children’s garden become more aware and 
 knowledgeable of plants. A longitudinal study would provide more evidence of the 
 effects of the children’s gardens on children.   
 (c) Which variable (facilitator, activities, or time-spent learning) is responsible for the 
 increased awareness and knowledge of plants at facilitated participatory garden features?  
 It would be interesting to research time spent at the participatory features’ correlation to 
 awareness and knowledge of plants. 
 (d) Research that would further assess the learning in these gardens using the Strands of 
 Informal Science Learning (Bell et al., 2006) and develop an learning assessment 
 instrument that could be used by the children’s garden educators.   
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APPENDIX 1. QUANTITATIVE DATA RECORDING SHEET 
 
Researcher ________________________________ 
Date______________________________________ 
Garden ____________________________________ 
STATION FREQUENCY 
OF VISITS 
FREQUENCY  
OF REVISITS 
DURATION 
OF VISIT 
DURATION  
OF REVISIT 
 
1 
    
 
2 
    
 
3 
    
 
4 
    
 
5 
    
 
6 
    
 
7 
    
 
8 
    
 
9 
    
 
10 
    
 
11 
    
 
12 
    
 
13 
    
 
14 
    
 
15 
    
 
16 
    
 
17 
    
 
18 
    
 
19 
    
Researcher ________________________________ 
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Date______________________________________ 
Garden ____________________________________ 
 
QUANTITATIVE DATA RECORDING SHEET 
 
STATION FREQUENCY 
OF VISITS 
FREQUENCY  
OF REVISITS 
DURATION 
OF VISIT 
DURATION  
OF REVISIT 
 
20 
    
 
21 
    
 
22 
    
 
23 
    
 
24 
    
 
25 
    
 
26 
    
 
27 
    
 
28 
    
 
29 
    
 
30 
    
 
31 
    
 
32 
    
 
33 
    
 
34 
    
 
35 
    
 
36 
    
 
37 
    
 
38 
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APPENDIX 2. IRB EXEMPTION FROM INSTITUTIONAL OVERSIGHT  
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APPENDIX 3. PARENTAL CONSENT FORM: BBG 
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APPENDIX 4. PARENTAL CONSENT FORM: HBG 
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APPENDIX 5. PARENTAL CONSENT FORM: MOBOT 
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APPENDIX 6. PARENTAL CONSENT FORM: NYBG 
 
 
 
272
APPENDIX 7. CHILD ASSENT FORM 
 
 
Research Project: 
An Exploratory Study of Informal Science Learning at Selected U.S. Botanic Gardens 
 
 
Child Assent Form 
 
 
 
I, ___________________________________, agree to be in a study to 
find out what at the Children’s Garden at the Huntington Botanic Garden 
interests me and how the garden helps me learn about plants.  I understand 
that I will be observed at the activities I chose to do in the garden.  After I 
have completed activities in the garden I will answer short questions about 
these activities.  My answers to these questions will help us make gardens 
better for children.  I can decide to stop being in this study at any time.   
 
 
Child’s Signature: ___________________________  
Age: _____     Date: _______ 
Witness*: ___________________________ Date:  _______ 
 
*(N.B. Witness must be present for the assent process, not just the signature by the minor.) 
 
Institutional Review Board 
 
Dr. Robert Mathews, Chair 
 
131 David Boyd Hall  
 
Louisiana State University,  
 
Baton Rouge LA 70802 
 
Phone:(225) 578-8692 
 
Fax: (225) 578-6792 
 
irb@lsu.edu / lsu.edu/irb 
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APPENDIX 8. PARENT/GUARDIAN INTERVIEW INSTRUMENT 
 
Informal Science Learning  
at U.S. Botanic Gardens 
(Parent Interview) 
Participant Number (child’s)_________ 
Age of child / children______________ 
Boy _______   Girl _______ 
These questions help the researcher to develop a sense of your children’s and your 
prior experiences with plants.  Please answer these questions honestly.   
 
 
1.  Do you bring your children to this garden often?  Why? 
 
 
 
2.  Did someone bring you to gardens when you were a child? Who? 
 
 
3.  Can you tell me about your experiences with plants? Perhaps you can 
remember as a child a special plant or experience with plants? 
 
 
 
4.  Do you teach your children about plants?  Do you garden with your children? 
 
 
5.  Do you take your children to other informal learning settings such as museums and 
zoo?  Which ones do you go to?  Why do you think this is important? 
 
 
6.  Do you think your children learn in these settings? 
 
 
7.  What kind of information do you think your children can learn from these types of 
settings compared to formal settings like school? 
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8.  Is there any thing that I did not ask that you would like to share?  Perhaps a story 
involving plants with your children or when you were a child?   
 
9.  If you were asked to design a station in the children’s garden, what would it be 
like?  What plant information would it teach children. 
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APPENDIX 9. CHILD INTERVIEW INSTRUMENT 
 
Informal Science Learning  
at U.S. Botanic Gardens 
 
Participant Number _______ 
Age _________ 
Boy _______   Girl ______ (Check one) 
These questions will tell us what you think about the garden and plants.  Please 
answer these questions honestly.   
 
 
1.  Do you come to this garden often?  Why or why not? 
 
 
2.  What is your favorite station?  Why? 
 
 
 
3.  What do you think you could learn about plants when you come to this garden? 
 
 
 
4. Tell me about what you did learned about plants today? 
 
 
 
5.  What station did you learn this?  
 
 
6.  Why did you go to that station? 
 
 
7.  How do plants help you in your everyday life? 
 
 
8.  Do you think plants are important?  Why? 
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9.  What would happen on Earth if there were no plants? 
 
 
 
 
10. Do plants help you breathe?  How? 
 
 
 
11. What things do plants need to live?   
 
 
12.  Do plants need sunlight?  Why? or Why not? 
 
 
 
13.  I noticed that you stayed at the _________ station the longest, why did you stay 
at that station longer than the others. Or I noticed that you visited the  __________ 
station ______ times?  Why did you go back? 
 
 
14.  What made you want to go to this station? 
 
 
 
15.  What do you think you learned at this station? 
 
 
 
16.  Do you have a garden at home?  If so, tell me about your garden. 
 
 
 
17.  Do your parents like to garden? Do they think plants are important?   
 
How do you know?   
 
If not, do you know anybody else who does? 
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18.  If you could design a station what would it look like?  What would it teach about 
plants?  Why do you think this is important for kids to learn about 
___________________.   
 
19.   Can you draw and label your own station? 
20.  What do you like to play or imagine at this garden?   
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APPENDIX 10. PLANT ATTITUDE SCALE 
 
Informal Science Learning  
at U.S. Botanic Gardens 
 
Participant Number _______ 
Age _________ 
Boy _______   Girl ______ (Check one) 
This is a checklist to find out how much you enjoy and know about plants.  Some of 
the sentences describe you better than others.  Read each sentence and indicate how 
much it is like you by putting an X in the box that best describes you.   
 
 
Questions 
Never 
like me 
Seldom 
like me 
About  
half of 
the 
time 
like me  
Usually 
like me 
Always 
like me 
Example:  I like balloons.      X   
      
1.  I like plants.      
2.  Plants bother me.      
3.  I like to grow plants.       
4.  I like to learn about plants.      
5.  I know someone who grows   
     plants / has a garden. 
     
6.  I like to help in a garden.      
7.  I like to eat plants.      
8.  I enjoy coming to this garden.      
9.  I ask to come to this garden.      
10.  I would rather come to this  
     garden than a zoo. 
     
11. I think plants help people.      
12. I think it is important to have  
     plants on Earth. 
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APPENDIX 11. IRB CERTIFICATE OF NIH HUMAN SUBJECT TRAINING 
Certificate of Completion 
The National Institutes of Health (NIH) Office of Extramural Research 
certifies that Mary Legoria successfully completed the NIH Web-based 
training course “Protecting Human Research Participants”. 
Date of completion: 06/15/2009  
Certification Number: 244812  
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APPENDIX 12. PLANT PRINCIPLES TEST 
 
Informal Science Learning  
at U.S. Botanic Gardens 
(Plant Principle Test) 
 
Participant Number _______ 
Age _________ 
Boy _______   Girl ______ 
These questions will tell us how much you have learned about plants.   
 
1. What is a living thing?  (How do you know if something is living?)  
 
 
 
 
2.  Look at the picture.  Name 10 living things?  Can you name five more? 
 
 
 
 
3.  Look at the picture.  Name 5 non-living things?  Can you name five more? 
 
 
 
 
 
4.  How do the plants help the animals? 
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APPENDIX 13. WETLAND ECOSYSTEM IMAGE 
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APPENDIX 14. LIVING AND NONLIVING IMAGES 
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APPENDIX 15. BBG: DISCOVERY GARDEN MAP 
 
 Courtesy of Ashley Gammell and the Brooklyn Botanic Garden. 
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APPENDIX 16. HBG: HELEN AND PETER BING CHILDREN’S GARDEN MAP 
 
 
Appendices  
Helen & Peter Bing Children’s Garden at the HBG Map 
(http://huntington.org/huntingtonlibrary.aspx?id=486) 
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APPENDIX 17. MOBOT: DORIS I. SCHNUCK CHILDREN’S GARDEN MAP 
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APPENDIX 18. NYBG: EVERETT CHILDREN’S ADVENTURE GARDEN MAP 
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APPENDIX 19. 72 RECOMMENDED ELEMENTS FOR  
CHILDREN’S GARDENS 
 
 
 
  (M. Miller, 2005) 
 
  
  
 167
? Now, think about the children’s garden you just described. For each of the children’s 
garden elements/features listed below please circle the number that best indicates how 
important each is to you in your ideal children’s garden.  For example: if an element/feature 
is essential in your concept of a children’s garden, you would circle number 7.  If an 
element/feature is not important at all to you, then you would circle number 1.  If an 
element/feature is not a part of your garden (Not/Applicable), then you would circle 0. 
N/A Not Important     Essential 
 at All 
    
Animals/wildlife  0 1 2 3 4 5 6 7 
Annual flowers  0 1 2 3 4 5 6 7 
Art    0 1 2 3 4 5 6 7 
Bathrooms   0 1 2 3 4 5 6 7 
Berries/fruits   0 1 2 3 4 5 6 7 
Bridge(s)   0 1 2 3 4 5 6 7  
Bright colors   0 1 2 3 4 5 6 7 
Buildings    0 1 2 3 4 5 6 7 
Bulbs    0 1 2 3 4 5 6 7 
Compost/Vermiculture 0 1 2 3 4 5 6 7 
Containers (various sizes) 0 1 2 3 4 5 6 7 
Entrances   0 1 2 3 4 5 6 7 
Fences    0 1 2 3 4 5 6 7 
Flower beds   0 1 2 3 4 5 6 7 
Game(s) area   0 1 2 3 4 5 6 7 
Gathering/meeting areas 0 1 2 3 4 5 6 7 
Gourds   0 1 2 3 4 5 6 7 
Greenhouse/cold frame 0 1 2 3 4 5 6 7 
Hideaways/enclosure  0 1 2 3 4 5 6 7 
Lawn/grassy areas  0 1 2 3 4 5 6 7 
Learning stations  0 1 2 3 4 5 6 7 
Maze    0 1 2 3 4 5 6 7 
Melons   0 1 2 3 4 5 6 7 
Orchard   0 1 2 3 4 5 6 7 
Painted stumps  0 1 2 3 4 5 6 7 
Paths/walkways  0 1 2 3 4 5 6 7 
Patio/terrace   0 1 2 3 4 5 6 7 
Perennial flowers  0 1 2 3 4 5 6 7 
Performance area  0 1 2 3 4 5 6 7 
Pest management items 0 1 2 3 4 5 6 7 
Pinwheels   0 1 2 3 4 5 6 7 
Plants    0 1 2 3 4 5 6 7 
Plant structures (bean teepee, 
 sunflower house) 0 1 2 3 4 5 6 7 
Playhouse/den   0 1 2 3 4 5 6 7 
Potting bench   0 1 2 3 4 5 6 7 
Pumpkins   0 1 2 3 4 5 6 7 
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  (M. Miller, 2005) 
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N/A Not Important     Essential 
 at All 
Raised beds   0 1 2 3 4 5 6 7 
Rocks    0 1 2 3 4 5 6 7 
Sand pits/digging pits  0 1 2 3 4 5 6 7 
Scarecrows   0 1 2 3 4 5 6 7 
Sculpture/ornament  0 1 2 3 4 5 6 7 
Seating/benches (adult size) 0 1 2 3 4 5 6 7 
Seating/benches (kid size) 0 1 2 3 4 5 6 7 
Security/emergency phone/ 
first aid station 0 1 2 3 4 5 6 7 
Seeds/seed saving  0 1 2 3 4 5 6 7 
Sensory elements  0 1 2 3 4 5 6 7 
Signs    0 1 2 3 4 5 6 7 
Storage   0 1 2 3 4 5 6 7 
Strollers/stroller parking lot 0 1 2 3 4 5 6 7 
Sunflowers   0 1 2 3 4 5 6 7 
Swing(s)   0 1 2 3 4 5 6 7 
Tables (adult size)  0 1 2 3 4 5 6 7 
Tables (kid size)  0 1 2 3 4 5 6 7 
Teaching area   0 1 2 3 4 5 6 7 
Temporary features  0 1 2 3 4 5 6 7 
Theme gardens  0 1 2 3 4 5 6 7 
Tools/tool shed  0 1 2 3 4 5 6 7 
Topiary   0 1 2 3 4 5 6 7 
Topography/variety in  
elevation/vistas 0 1 2 3 4 5 6 7 
Tree houses   0 1 2 3 4 5 6 7 
Trees    0 1 2 3 4 5 6 7 
Vegetables/vegetable plots 0 1 2 3 4 5 6 7 
Vertical structures (trellis, 
arbor)   0 1 2 3 4 5 6 7 
Vines    0 1 2 3 4 5 6 7 
Water feature(s)  0 1 2 3 4 5 6 7 
Water source (for people) 0 1 2 3 4 5 6 7 
Water source (for plants) 0 1 2 3 4 5 6 7  
Weather station  0 1 2 3 4 5 6 7 
Wildflowers/meadow  0 1 2 3 4 5 6 7 
Wildlife   0 1 2 3 4 5 6 7 
Windmill   0 1 2 3 4 5 6 7 
Woodland   0 1 2 3 4 5 6 7  
Other elements: (Please specify) 1 2 3 4 5 6 7 
____________________________________________________________________ 
     1 2 3 4 5 6 7 
____________________________________________________________________ 
- ???????
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